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Radioactivity: A Century Of 
Controversy 

Greg Grant [cooks at the history of 
this t emotive subject in the first part 
of his series. 

Sound Card Technology 

In this two pan series, Mike Bedtord 
guides you through the.sound card 
jungle and helps you understand the 
various facts and figures you'l! find in 
the specification sheets. 


Projects 


Building & Upgrading PCs 

In part 3, Mark Brighton takes up ihe 
screwdriver and assembles his 
multimedia PC, 


In The Workshop — Basic 
Power Supply Designs 

Steve Waddington describes a low-cost 
PSU capable. of supplying fixed SV and: 
12 de outputs plus a variable O-12V_—s Weighing Technology: Past 
de output. : and Present 


In this first part, Douglas Ciarkson look 
IBUS Output Module ahh iglas Clarkson looks 


In this fina! part Neil Johnson Sl lll ad ; 
describes how to equip your computer =: Get More From Visual Basic — 
with an 8-bit resolution voltage source, Part 3 7 

for use in a wide range of instruments, Kemels, Dils and ProfileStrings are. 
experiments and projects. Mike Holmes, topics in his continuing 


On Screen Video Level Meter - a: 
Part 2 Security Electronics Systems 
lan Berry explains the construction and Part 9 


Ray Marston loaks at a miscellaneous 
collection of security circurts tn this 
penultimate episade of the series. 


Radio Communication Review 
Hany Watkins looks at digital frequency - 
countérs, CB and a low-cost digital air 
band receiver. 


sei-up in the final part of his project. 


Features 


Research News 

Philips have developed.a:30 medical 
imaging system using lasers in the 
HEN against Hreast cancer. 


Electronics in Agriculture 
Part 5 a 
George Pickworth concludes his series 


by looking at ihe fatest, sophisticated News Raport 

tractors. Sctenceline QEA 

Programmable Logic What's On & 

Controllers Diary Dates 

Alex Hunt from Matsushita describes Maplin News: 

how to use a PLC as 2 burglar alarm Techno! Watch 

controlier A, ne ad c 
‘@interne 

The Technology and 


Corrigenda 
In the Pipeline 
How to Subseribea 


Applications of Thermal Imaging 
Dr. C. R. Lavers investigates the 
applications and latest advances in 
this fascinating science. 
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ales of the A, Issue of ‘Electronics and 
Beyond’ with the free Maplin Catalogue CD-ROM 
have exceeded our expectation with virtually ail 
Maplin and W. H. Smith stores selling out. For those. 
readers who missed this issue, there are still copies 
available by mail order —'but hurry they are selling 
fast. In order to avoid disappointment of any future 
offers why not take out a years subscription. Over the 
next three months we will be giving away two exciting 
prizes each month in a Subscription draw. Full detaifs 
can be found on page 80. | 

This year sees the centenary of Marie Curie coining 
the term ‘Radiation’ and to commemorate the 
occasion, we begin a short series on radiation. In a 
similar vein, we-take a look at the history of weighing 
starting with Egyptian methods and finishing next 
month with the latest technology. 

Since computers feature just about everywhere in 
our lives, this month sees the start of.a two part 
series on sound cards, and Mark Brighton continues 
his series by showing you how to assemble all the 
computer parts and make a working PC. We hope to 
bring more articles and projects on computers and 
software in future issues. 

In the August issue we will announce the winner of 
the Quickroute 4.0 competition from issue 125, so 
hurry the clasing date for entries will be Friday 29th 
May 1998, 
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phones fom Newbury based start-up 





Sun Microsystems’ JavaRing made its debut at the Java Developer 
Conference on March 23 in San Francisco. The first “computer in a 
ning’ holds the user's identification and preferences, and was used 
by the 14,000 conference attendees to register, !og in coffee orders, 
enter contests. and check messagés. By connecting their personal 
computer rings to the network, the attendees created a virtual 
supercomputer from the combined computing power of their rings. 

For further details, check: san. sun. com. 

Contact: Sun, Tel: (01276) 20444, 


FoneBook Overcomes 
Challenge of Programming 
Numbers into Mobile 


FoneBook PLUS, is a PC-based address book 
that shares aciclrass infonnation with mobile 


Parazon Software. 

FoneBook PLUS integrates ithe PC and 
mabite phone seamlessly using a simple 
calle connection. allowing users to exchange 
name and phone number information 
benveen a PC and a mobile phone. 

“How nuiny mobile phone users know how to store namies ancl 
numbers ona mobile phone? Research shows that its less than | in 
10 and even less regularly update 
or amend their numbers. We believe FoneBook will change the way 
people make use of the features on their phone, helping them to'stay 
connected and stay in touch,” said Colin Calder founder and 
managiny director of Paragon Sofware, 

For further details, check: ww. paragensoftware.com. 

Contact: Paragon Software, Tel: 01635 524909. 








Work Station CAD Performance at PC Price 
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Fasy-PC for Winclows 95 is the 
forth generation printed circuit 
board (PCB) and schematic 
design system from Number 
One Systems, Thé computer 
aided design system is shipped 
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= with a full ser of component 
: libraries. New components can 
: quickly and easily be actded to 


existing libraries. 


The use of rechinology files, 


> similar to style sheets in a word 


tin 


Processor, Makes it casy tO 


> configure new designs. The 

i rechnalopy file also contains all the 
+! manufacturing information relating 
: to the design minimising the 

: chances of costiv errors occurring 

: When the board is made. 


Easy-PC can be linked to a full 


: range of optional circuit 
: simulators including Analyser and 
: Pulsar from.Number One Sysiers. 


Easy-PC can manage complex 


: design projects including multi- 

: Sheet schematics, and copving 

: and renaming all the associated 
i] : files automatically if'a layout or 

: schematic is saved under 2 

: different name. This makes it 
very easy to re-use older projects 
: as templates for new designs. 


For further information, 


> check: we. numberone.com. 


Contack: Number One 


Systenis, Tel: (01450) 461778. 


Dane-ciec Launches Internet Sharing Box 


Solution for Multiple Users 


A cost effective. modem , 
concentrator from Dane-Elec * 
allows multiple computer users 
to connect to the Intemet using 
a single micdém and single 
Intemet service provider (ISP} 
account. Using the [SB106, PC 
or Apple Mac users connected 
to a focal area network (LAN) 
are able to dtal-up to an 
intemet Service Provider ISP} 
for e-mail and access. 

The 158100 enables users to 


utilise the full bandwidth of a 
single modem. The maximum 
data connection speed is over 
230kbps using 2 digital (SDN 
connection to anintemet 
Service Provider (tSP), or 
56kbps using a high-speed 
analogue modem, over a 
conventional telephone fine. 
For further detaiis, check: 
www.dane-elec.co.uk, 
Contact: Oane-Elec, 
Tel: (0181) 391 6960. 
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Philips EStablishes Light Emitting Polymer Unit 


. Philips Electronics is set to 
establish a nev business unit for 
the develoament, manufacture 
and sale of light-emitting 
polymers (LEPs}, used in small 
and medium-sized displays, 

LEPs, made by sandvaching 3 
thin flay of semi-conducting 
plastic between two electrodes 
are set to replace Liquid Crysiat 
Displays, (LCDs) and other 
technologies for use in 
handheld phones, calculators 
and car dashboards. 

The technology was orginally 
discovered by Cambridge 
Display Technology (CDT) in 
1992, who licensed the 
technology to Philips in 1996, 

For further details, check: 
yew: philips.com. 

Contact #33 40 272 20 97. 





Diet 'Pentiim 
from ‘Inte} 


Intel's new Celeron processor is 
intemced for use in levv-end FCs. 
The device is essentially a Pentium 
ll Cevice yithout the Level 2 cacne, 

which fs ulimatety ihe feature, 
which mates it pin so quickly. A full 
epecification and first products 
based on the device aré expected 
to be anounced in Anal. 

For further infomation, cheek: 
www. intel. com. 

Contact: Intel, 
Tel: (01734) 403000. 





Wireless Marriage | 
US start-up, RF-tink Technology 
has developed a Wireless 
PCMTV product that allows an 
Internet iink via a PC in one 
room to be displayed on a 





‘television in another. 


A scan converter transiates the 
PC’s video display si¢nais into 


“signats that a TV can precess, 


and sends the audio and video 
signals using a radio-frequency 
transmitter and receiver. 

The signafs can travel up to 
100 fest, and a wireless 
keybodrd allows the user to 
manipulate the PC while 
watching the action an the TY In 
another room. 

For further details, check: 
pew. rfiinktech.com. 

Contact: RF-Link Technology, 
i +1310 787 -_ 


Lucent Technology: 
Speeds Data 
Over'Light 


New optical tecnncicey from Lucerit 
Techmfogies sll give fibre optic 
Hetidres 2 Poost, meng the 
equivelent ai £0,000 sets of 
éencyctiopaedias per second. 

The technology called dense 
wavelength division mutliplexers 
(DV/DiMs) acts like @ prism.to 
increase the number of fight 
steams, Dy an order of magnitude, 
capaité of carrying data. 

For further details, check 
Wee. Eucent.com. 

Contact Lucent, 

+ 4 ‘ase 5Sk4+ il 


Be Unveils ‘Intel 
Operating: System 


Be has announced a new 
version of its BeOS aperating 
system software, designed to 
work with Intel-based machinss. 
Release 3.0 for Intel is still 
primarily for programmers and 
enthusiasts, but a Release 4.0 
version for feneral consumers Is 
scheduled for a September. 

The BeOS js bullt from the 
ground up to be a multimedia 
system, with streaming audio 
and video suppart designed into 
the kernel. Be’s gaal Is to 




















‘capture 25 per cent af the 


multimedia publishing market 
with its Réfease 4.0. 
For further detaiis, check: 
wie, heeurope. com, 
Contact: Be, Tel: 
+33 149 06 73 77. 
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Nore Small - 
Businesses ‘Use 
Computers 


An (OC poll indicates the number af 
small businesses tnat use PCs rose 
io 78 par cent in aSg7, up from 
73 per cant in 1€96: The increase 
ends several years of fiet or 
minimal growth. IDC tied the rise to 
lover PC prices, easierto4se 
Scitware and a new crop of 
computeriiierate business owners, 
For further details, check: 
www. ide.com. 
a (0281) ge #390, 
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‘Apple Demos 
MHz Mac 
Apple Computer 


CEO Steve Jobs last month 
demonstrated a Macintosh 
running on @ 400MHz copper- 
based chip based en technolagy 
developed by IBM. The new 
mi¢roprocesser, which will be 
produced under joint 
arrangement by IBM and 
hictorofa, will be available for 
hiacs tn early 1999. 

For further detalis, check: 
Wit. apple.com. 

Caninet: 484) 569 1199. 
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TDK Introduces 
Reference Grade 












‘Audio Recordable‘CD: 


IDA vall introduce its-new CD-RXG, 
@ reference led recordable CD 
(CD-R) for digital auxtio reconiing 
with consumer CD-R recorders. 

The nev medium cefivess an 
Impressive sound petonmance-and 
ensures optimum record /playback | 
compatibility with any of today’s CD- 
R recorders and CD players tiougn 
an extremely law éifor rate over a 
Wide range a7 write laser power. 

For further details, check: 
www. tdk-europe.com. 

baa +49 231. 9077 O. 
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'3Com Delivers 
Third ‘Generation 
Palm Pilot 


The third generation of the Palm 
Pitat, Palm fli-cambines infrared 
capabilities, increased memory, 
and enhanced user interface. 
and industrial design with the 
original Palm Pilot concept. 

With the Palm ill arganiser’s IR 
capability users can share 
secards and applications 
wirelessly by simply ‘beaming’ 
information into another user's 
Palm [ll organiser at the touch 
of a button. This provides new 
data communications 
opportunities both far individual 
users and organisatians. 

With 2B of RAM, users have 
ample raam to add a wide array 
of applications, allowing greater 
expandability and customisation. 
The Palm tft organiser is flash 
upgradable, making it easy far 
users ta upgrade the Palm OS 
software withaut replacing the 
memory card, 

For further detaiis, check: 
we. 3com, com. 

Contact: 30am, . 

Tel: (01189) 228200. 





| the BBC has signed an 


: forme when an-oxygen molecule 


: is widely used as-a catalyst to 
: speed oxidation reactions, for 


Chip-Tracking 
Foils Thieves 


The Electronic Industries 
Assocation has adopted 
technology fram Data Matrix that 
enailes chipmakers to mark 
each semiconductor with a 
microscopic code teat identifies 
the veador.and includes 
individual serial numbers. Chip 
thieves will not beable to 
remove the code without dpping 
off the casings, which will have 
the effect of destroying the chips. 

Forfurther clemiis, check: 
wat.e@1a.0rg. 

Conta: Electronic Industries 
Assodaran, +1 703 907 7500. 
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BBC Signs Up Discovery | 
for Science Coverage. 


channels around the word, 
drawing an the production, 
archive and Commercial 
Streneihs of BBC and DC}. 
For further details, check: 
yaw. bbc.co.uk. 
Contact: BBC, 
Tel: (0184) 743 8000. 


agreement with US media 
company Discovery to create the 
largest Slobal force in factual : 
science broadcasting. The : 
agreement will see the creation 
of a worldwide netvork of quality 
channels as well as the BBC's 
own netyork in the US. 

the gobal alliance between 
BBC World-vide, the commerciat 
arm of the BBC. and Discovery 
Communications lnc (DCI) will 
lay the foundation for: a joint 
venture to cao-produce and 
commission factual 
programmes; and a family of 
quality factual television 
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Cornell Researchers Rotate 
Singie Molecule 


ks electronic devices grow ever smaller, single molecules coukl one 


day become components of électronic circuits or even moving pans 
of tiny machines, Carell University‘researchers have now 
demonstrated one w ay this could be done, by isolating a singe 
oxygen nrolecule and causing it to rovite On command. : 

Brief voltage pulses applied to the molecule cause it to rome 
bervéen three orientations spaced 120 degrees apact, something like 
a radio knob thar clicks into one of threc stops. If the volzage pulse 
is not stopped, the molecule continues to rotate berwcen the diree 
orientations, turning like 2 tiny motor. . 

In addition to demonstrating a concept that could be used in 
ultra-small electronic devices. the experiment provided basic 
research information about the 
nature of the chemical bond 
6.15 Voi Patce 
is adsarhed to a platinum surface 
and how electrons can cause the 
motion of the molecule, Pkistnum 


example.in automohile catalytic 
converters. 

For further details, check: 
wen. cornell .edu. 

Contact: Comeil University, 
+1 607 255 3651. 
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Smallest 
integrated 
Circuit 

National Semiconductor has 
intoduced a new microchip, 50 
small that the packaged device 
iS about the size of a flake of 
coarse-ground pepper. The tiny 


package houses an integrated 
clrcuit called an operational 





: amplifier, which is used as a 


basic building block in a wide 
variety of electronic systems 
ranging fram cellular phones to 
full-sze computers. 

The chip, identified as the 
LMV3214, is the.indusiry’s 
smallest ever-operatianal 
amplifier and is the jirst 
integrated circuit to be 
packaged in the miniature 
SC70-5 package. This package 
5 only 2.0 x 2.1mm and has 
previously been used only to 
house ‘discrete’ devices such 


; as single transistors. 


For further details, check: 
www.national.com. 

Cantact: National 
Semiconductor, 


: Fel: (01475) 633733. 











ith only gwenty. 
months to the end af 
the century 2 
satisfictory Outcome to the 
computer date-change problem 
is now impossible, Robin 
Guenier head of Taskforce 200) 
warmed the government this 
month. “Damage is inevitable,” 
he believes, potentially affecting ~ 
millions of pcopie. 

‘Taskforce 2000 betieves thar * 
successful damage fimitation will 
depend on ovo factors: 
opeamess and personal 
accountability. Also, the 
widespread involvement of 
ordinary people is critical, as is 
using COMMON sense 1.cut 
camers and tke. calculated risks. 

Taskforce 2000's recent contaci 
with business has demonstrated 
that fixing the cate-chanpe. 
problem is proving 0 be an 
extraordinary challenge and that 
businesses that are getting on 
with it are, almost without 
exception, finding it to be more 
dificult than they exspectecL 

Furhermore, budgets are 
escalating rapidly and many 
are companies are a fong way 
behind where they should be 
by now, and are sirugeling, ior 
example, with unexpected 
supply chain and embedced 
sofiware problems, and with | 
the massive difftculiies of 
testing their svstems. 
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Taskforce 2000 claims that the. -: 


public sector is way behind the 

private sector leaders. Big 

computer-jobs anc usually laze. 

This one — the biggest ever— is 

matte worse by two factors: 

rapidly reclucing time and tuo 
tew skilled people. 

“kh is now fanciful io prerenu 
that the problem will be: 
solved,” saick Guenier, executive 
direccor of Taskforce 2600. “8 is, 
put quite simply, too fare. 
However, if we start now, 21 
great deal can still be done to 
minimise the inevitable 
disruption to people's lives.” 

“Yskforce 2000 has clear 
proposals co deal with this. This 
is 3 classic cxamole of a 
problem where the best is- the 
enemy of the good — there is no 
lisne for bureaucratic detail anc 
delay: Indeed, a patclnwork job 
that mitigates the worst of it is 
all that is practicable," he 
conunugi. 

Rey features of the Taskforce. 
plan are; 

@® the Government should 
unambiguousty confirm that 
we are now dealing wich an 
emergency — advising 
peopic of the possible 
consequences anced 
encouraging wide co- 
operation to avoid an 
unatcentable outcome. 
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The Millennium Bomb 
—ItIsN ow Too Late? 


@ Ministers should pubtish 
ists of the critical systems in 
their departments affected 
by the problem — stating 
levels of confidence of 
achieving compliance, 
budget details, the names of 
the peaple responsifile for 
compliance and cleiails af 
the contingency plans being 
put in place where:there are 
any fears of failure. 

The chicf executives of afl 
major ulities should be 
requestedi by Government 
to provide a public 
assurance that there will be 
no senike interruption as 4 
result.af the date-change — 
the executives having 
responsibility for ensuring 
this should be named. 

The Stock Exchange shoukl 
require all listect companies 
wo provide full details of 
complance budgets ancl 


Year 2no0 Vendors 


» New ¥enscr | Up tua 
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pkins Including those 
relating to clepenctencies. 
An outline of any 
contingency planning 
should be included together 
with the names of the 
executives responsible. 

@ The Bank of England and the 
Financial Services Authority 
shouk! extend their current 
activities in this area to 
ensure that any potential 
fattures in the financial sector 
are contained. 


Details of national 
contingency plans should 
be made publicly available 
by August this year. This is 
so that business people and 
athers can relate chem to 
their own planning 
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The Prime Minister should 
call an urgent meeting of 
the CEQs of the targest IT 
businesses in the UK. The 
objective would be to 
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determine what special 
measures can be taken ta 
niake more resource 
availabfe ro help minimise 
the problem | 
The British Government 
should, with die US 
Government, call an urgent 
intermational. conference to 
encourmee action 
throughout the global 
economy anc recommend 
the emergency measures 
that are necessary tO 
Minimise intemational 
clisruption. 
Taskforce 2000 has been saying 
for months that the single most 
effective contiburion to 3 
reduction in potential damage 
would be for the European 
Union & postpone the 
introduction of the single 
currency. That recommendation 
jias been ignored and, in any 
cise, Europe's rush iowards 
EML seenis almost 
unstoppable. But, to get the 
debate inzo the open, the 
Govemnient shoud call for the 
huropcan Commission ta 
publish a report now on how, 
aver the extreme shortage of 
skills and resourtes to do either 
job, it believes Both can be 
accomplished in ume 
“Taskforce 2000 is ready ancl 
wailing 16 co-operate with 
Government and others in 
considenng these proposals in 
more derail and in putting chem 
into effect. The nature of this 
emermency is such that all 
interested and knowledgeabic 
practies Must work together to 
1ackle this unprecedented 
challenge," concluded Guenier. 
For further details, check: 
weaw. taskforce2000,com and 
www, year2000,com. 


Fer many computer and software syrtemt, the year 2000 will bring 2 host 


of problems related ta software programs that rerord the year using only 
the last two digits. 
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the engineer, student ‘or hobbyist 
with a tahnge of commonly used 
lectonics formuila folele} 
aT _ jp eauienty used fotitines Each of 

jkbwhich Is easily selected from a 
jimain menu, thereby enabling 
‘Atesting or finding ‘component 
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Numerical Accuracy, 

The default setting fer accuracy is* four Gecimal-ploces However up 
jo fiffeen places may be ‘selected wien te ouiput results produce 
vely small voitagés:. Gnd cunenis 

Inputling of values 

‘Selecting. oe lparicular input -e voliage, Gurneni, ‘frequehicy ete, ‘is via 
a dialogue box whereby additicnal number ‘fornatting isperformed. 
Values can be liaput using Glectionics ‘symbols ise. Onms ‘kKOhms 
IMOhmMs oruwA MA and (AMPs. 

Output Results, 

RESUILGNt VGUES are Sutput again using ‘electronics: ‘symbols ie, Hz. 
KE2‘MH2-0r uy MV, Vel Fomoatied numbers are easy to read ‘and 
readily Genlify changes, The use Of ‘scientific Aolation Is ‘avoided 
wherever possible to miake the calculations meoninaft 





One professional recently Gesciibad ihe Electonics Toolbox Gsimore 
useul than his séleniitic C&léulditar which cost Thiée times 'Gs much 
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case of the:Electronics: Principles 5.0 'tifle its appeai is for a’quiek and: 


easy; calculating solution, without ne-user having io ity to remember 
of look Up oO | Particular ‘formula and: whére individual component 
values Gon be'changed tfo'see the effect.an the alls 





This software is ideally ‘suited to 
the user'who wants a fastroute-to 
an electronics solution without 
having t© repeaciedly input ihe 
‘complete formula values te a 
exoleW tere) 
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EPT Educational Software Pulte Feuis eres Lane, Withana, Essex UK ‘GM8 2B. 
Tel/Fax; 01376 514008. ‘sales@eptsoftdemon couk 'Nttp://www:eptsoft:demion,co'uk 
al) @oislol] | On elolUlmii(c mele (ek 7¥4| o> | Molro(- ial om olor" Packing. VAT should be added ‘to ithe ‘told. 
Outside Europe £350 for'airimai DosiaGe Iby Tetum, 
bye am BLol OMB (vehe peli /(ecir=1(e16 |e Mol(e\si He eret=|6)(=.o fe feleons give card number ene expiry 


daie. Cheques & Postal Orders should ibe made 
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4th Generation Schematic Design and 
Printed Circuit Layout. 

By Engineers for Engineers. 

Full links to our Analogue, Digital and 
Electromagnetic Simulators. 

NO pin, net or layer limits! 

Track and Component Editing - a dream! 
Superb user interface. 

Powerful, high speed Shape based 
Autorouters available. 

Competitive Pricing. 


Ref: MAP, Harding Way, St.lves, Cambs, PE17 4WR, United Kingdom 


Tel: 01480 461778 


Fax: 01480 494042 


international: +44 1480 461778 / 494042 


Ref: MAP, 126 Smith Creek Drive, Los Gatos, CA 95030 


Tel/Fax: (408) 395-0249 


for High Ouality Audio Tubes 
The CVE Premium range olfers continuity of supply of high grade autito velves. 
Based on the best from world-ide sources, processed by us ta suit audie applications. 
Pre-amp types tested/seletted for LOW NOISE, HUM and MICROPHORNY. 
Power valves are given controlled BURN-IM 10 improve stability and to select-out those 
with weaknesses. MAJOR SRANDS also supplied as availahle. 
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Valve Anyilifiers'sound better still fitted with: CVC PREMIDAL Valves! | 


Ch. met yal re Company, 130 Naw London Road 


Cheimsiod, Essax CM2:0RG Ey Micrel 
@ 44(0)1245 365296/265865 Fax. 44.(0)1245 490064 | 





Web: htto\\www.numberone.com 





| DISTANCE 
LEARNING COURSES in: 


} 

} Analogue and Digital Electronic 

| Circuits, Fibres & Opto-Electronics 

} Programmable Logic Controllers 

) Mechanics and Mechanisms 
Mathematics 


and those wishing to update 

their knowledge and practical skills 
Courses are delivered 

as self-contained kits 

No travelling or college attendance 
Learning ts at your own pace 
Courses may have 

BTEC Certification and Tutoring 


| 
| 
| 
Courses to suit Beginners 
| 
| 


For information contact: 
NCT Enterprises 
if 8 Barmfietd Technology Cenve 
| Enterprise Way, Luton LU3 4BU 
: Telephone 01582 569757 « Fax 01582 492928 
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Why is a scientist 
called a scientist? 


The word scientist comes from the Latio 
verd ‘scire’ which means to know: So a 
scientist one who knows or lems. 
Betore the word scienzis: was used 2 
couple of hundred vears aen, scientists 
were called natural philosophers. 
Philasaphy comes from the Greek words 
meaning ‘lover of true knowledge’. 


Do people grow in 
space? 


_ 1a space, the body 
3] does nat 
experience the 
same downwurd 
pull of gravity 
that it cloes 


PE ii the - 
gups bernveen 
the vertebra in 
Ehe Spine exoand 
and cStromauLs 
do actunily ger 
Be éntller. 
When they return 
to Earth, the 
gravity quickh: 
squashes them 
hack to their 
normal heighr. 
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Why | do rihahe fly 
towards light? 


Because they think it's the Moon! Moths 
are used to navigating by the lieht of the 
Moon ~ they fly keeping the Moun on 
one side. When a bright, artificial fight is 
present hey try to do the same. ving, 
but to keep it in a fixed position they 
end up fivying rourid in circles. The 
brightness of the light disorienrates 
them and their orbits get smatler and 
qnalea eveniually they hie che light. 


Why does i get coider 
as you go up a mountain 
even if you're getting 
closer to the Sun? 


There are several reasons hut one of the 
most important is the fact that as you go 
higher, dieair becomes dinner. Air only 
hakis onto heat because of the.particles 


within it. The fewer the particles, the less 


heat can be stored in the air 


How long do spiders 
live for? 


Ordinary spicters five for about a year, 
akhoush up to five to six 
months of chis may 

be spent in the ere 

Stage. However. 

same South 

American taranruls 

can live for as long 

a5 Ven vears, 

while same 

tropical jumping 

spiclers only live for 
three manths. 


4, Gnderneath 
your lunes is 2 
Wage muscle 
called the 
diaphragm. When it 
contracts, it pulls down 
on the lungs makine 
you breathe in. Hiccups are 
caused by your diaphmgm suddeniy 
contracting making you breathe in 
sunidénly ro make a funny sounch 


Why do we itch? 


iching is an early warning system ta 
protect our badies from hannful 
substances. When our bodies are 
irritated iy a bite for 

example, we Ov: 
prexiuce a substance fi 

called histamine 

which affects our 

nerves god makes us 

want to itch. 

Antihislamine cream 

counteracts this 

effect and sinps 

us itching.. 





How does a water 
softener work? 


Water softeners work using a principle 
catled ion exchange. Magnesium and 
calcium in the water are taken outaned 
replaced wiih sotium from the salt in 
the water softener. The removal of 
magnesium anc chlor 

stops limescale 

forming an taps and 

the insides of 

ketdes, duitibe watec 

from 2 water softener has 

more sodium in it than 

nornval anc this coutd 

fead to high blockl 

pressure. 


Who invented 
dinosaur names? 


The word dinosaur means ‘terrible 
ivarni’. Individual dinosaur species were 
named by the scientists who first found 
them, often in Greek or:Latin. They 
named them after some. unusual 
feature ubout the anima}, where it came 
from, or even who discovered. it. For 
example, Baryonyx Walker? means 
Walker's heavy claw because of the 
discoverer Bill Walker, 

Velocimptor means 

speedy hunter’ and 

‘Tyrannosaurus Rex 

means ‘kine of the 

reptiles”. 


glow In the dark? 


The back of the eye, the retina, has a 
coating behinc it ¢: uted! rtipetum. This 
reflects a small amount of 

the fight that shines on it 

back through the retina. 

This light bounces back 

out of the cat's eve so 


-Ehat it s®ems to 


glow in the dark. 


Why do men 
go bald? 


Men go bald because of 

a sex hormone called 
restastcrone which 

occurs narurally in all our 
lxxilies, Men all have about 


‘the sameamount of 


restosterane (about ten 


times a5 much as women) 


hut some are more vulnérmhb!le 
1 35 effecis than others. Testostérone 
works by stopping some of the hair 


‘Toots produting hair. 


How much 
rubbish 


in space? 
The bies of old 
satellites and rockets 
that orbit the Earth are a serious 
problem, There are about 7000 major 
objects orbiting the arth and onky 
about 100 of them are still working. 
‘There are also 40,000 sonaller bits and 
pieces, mainiv clebris from exploded 
rockets. Then there are aver three 


million particles, such as fakes of paint, 
specks of insulation and exhaust fumes. 


The Mir-space station and ihe Space 
Shuttle have becn 

hit by flakes of 

paint which have 

— ata speed of 

18,000mph ptus— 

pitted the windows. 


| 
i 
/ 
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a 
ice cubes - >. 
go white? 


: ~ ee ” * ie” 

When ice is made Cu 

in 2 household 

freezer, the ireezing \ 
f 


starts from lats of 

different points te 

within the icé cube r \ 

rather ihan from one 

central poine. This means 

Tigint that enters the cule vets scutterecl 
so much that the cube isn’t transparent. 


What’s the poreen in 
apple pips? 

Applic pips actually contain cyanide anel 
vou can be poisoned by them if you eat 
roo many (about a cuptul}. 


a | 


Science Line was started in March 

1994 ducing the first science week. | 
anc! is an educativnal charity funded W@W 
bythe Nationalionery, Welconce 
Trust, the Roval Socien:, OST (Office of Science 
and Technology), some of the research councils 
ard) Chane) 4: 

Telephones are staffed hy science pradustes 
from vacious disciplines, and ff we are stuck for 
an answer, We hive 2 dhtshase of 1000 experis 
who have vollinteered 3 help us out We can be 
coniacted on the number shown below {calls 
charted a¢ local rates), anc our lines are open 
irom tom to 7pm Monday to Fridays. 

jus: over 60% of all calls are answered on 
the day, with the resc normally within a week — 
Atiers adequate research. 

The average age of ali calters ‘is 28, with 
64% of callers being male. 35% af questions 


SS 





are physics or astronomy related, 35%; biology 





ormedicine relaced, 10% chemistry, and the 
est on cAVvinonment, engineering. technology, 
geology and allied subjects. 


Tel: 0345 600 444 
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"Warne ve an‘assoriment of PC parts, 


Mark Brightow*guides you through the sequence of 
assembling pour computer: 


ast month, we rook 2 look at each 

individual part needed to build a well 

specified nvultimedia PC and put 
together a shopping list of parts needed to 
make the PC. By now. vou-shoukdl be realy 
10 Start putting together your own PC using 
just vour bare hands, 2 cross hear! 
screwdriver and a pair of pliers. Before you 
open any of the packaseés and handle tie 
primed circuit boards, jusi a word or nro 
about anti static precautions. Yes, 1 know, 
Ive said it all before, bur I really canno: 
emphasise it too often; because it does 


make 2 big. difterence. 


Static precautions 


Modem carpets and other furnishings, or 
even the clothes you are wearing, cancause 
immense static charges to build up on your 
body.as vou move about rour home, 
especially at this ume of year when the 
central heating is drying up the air. Wear an 
Ui Sittic wrist Strap anc attach the lead to 
an earthed object such as a water pipe or 
radiator (find 2 bare metal part}. Make sure 
you are using 2 strap and lead wid 2 built-in 
Tesistor though, or vou couk! be putting 
yourselfin danger of severe electrocution 
should you touch anything live! The Maplin 
FE29G at £9.99 is a comfortable wrist strap 
with 2 built in curly cord, incorporating 3: 
TMQ) resistor and has a comunient 
crocodile clip to fix to an earthed object. Lf 
ther’ is no cached object handy: but there 
isz mains socket nearby, the AS3SR at £5.38 
isa special mains phie with a 10mm 
earthing stud on the back of the plug, 
espechilly suited 1 professional wrist strap 
and card finings borrowed from wark! 

Failing afl else, if no wrist strup is 
available, momentarily touch an earthed 
abject, then the metal case of the PC from 
time to time whilst working and tr¥ nat to 
wriggle about ioo.much in-benveen, or 
those nylon undies will cast you dear! 
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sure that all pieces are removed a5 a single 


Inose serew aficr power is applied can do an 


awtul lot of damare. 

Tum che case upside down on your work 
surface. Place the four farve plastic feet into 
the mounting holes in the boom of the. 
case (from the outside!) and push a plastic 
Hvet only into che centre of each foot to fix 
it into position. These should! push in with 
firm finger pressure, but if they prove 
reluctant, use the poinc of vour cross head 
screwdriver on the dimple in the centre of 
each rivet and push it firmly into pisce. 

All adentaien instructions (tap Jef; ca) 
assume you have put che case down on its 
right side (as viewer! from the franz) and are 
looking inte it through the left side, with 
the front panel nearest von. 


Motherboard 
mounting points 


Now we come to the motherboard. 


Akhough only moderately staitc-sensitive, 


vou should take the precautions described 
above when handling this board. Turn the 
case ante its sidle so that you may look into 
ihe opened case. Unpack the Motherbount 
and offer it into place on the base plate 
inside the case. You will notice ihe there 
are a number of daresded hotles inside the 


Photo 1. Wrist strap and earthing plug. Maplin Order Codes FE29G and AS3aR. 





Starting. construction 

The obvious fiest item co put onto your 
worktop is the euse. Case styles vary 
cnonmnoushy, but the case we have sugrested 
8 2 mini tower case that bas remavrtbie 
sides for access. Note thar: most cases have 
some sharp edges inside, alihough the case 
we have sugeested is. good qualiry one 
that has far fewer Sharp edges than most. 
Mind your palms and fingers whilst working! 
Unwrap the case packaging and unscrew the 
mwo'screws holding the left hanct side of the 
case on. Slide the removable panel slightly 
back and out Fram the top and put it aside, 
Insite the case, you will find a bag 
containing four feet anct plastic rivet inserts, 
a bag full of assorted s¢rews and brass 
mounting piliuws, nd a bundle consisting of 
the mains leact and 2 plate that we will fit io 
the rear of the case later. The bags have 
Deen known to came open in transit. [f chis 
happens and your cise. is full of small screws 
an brass bits, spend some time to make 
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case and these will accepr the brass 
theeacicdt mounting pillars in the hardware 
hag in order io mount the motherboard and 
stand it away trom the base-plate. 

The motherboard should be aligned with 
thé long sockets at the rear of the cise, at 
the left Gee photo 2). Move the 
motherboard around slighty and you will 
see thata number of che mounting holes in 
the board align with cornespondiny holes in 
the case. Hf you are using the case and 
motherboanl recommended in last mionths 
article, five of the mounting holes on the 
matherbourd will match with holes in the 
aise. Take four of the hexagonal brass pillars 
and screw them into four of the five holes 
you have just identified, tightening chem 
mondermtely hard with pliers. You will see 
thar the top leit mounting poine on the case 
is In facta slow and will use a special 
mounting gizmo (its in the hardware bag). 
Slide the-giztno into place, with its threaded 
hole uppermost. 








Se 


Photo 2. Alignntent of ‘motherboard tn case. 


Fitting the CPU 


Although it is quire possible to fit Ure CPU at 
a later stage, after the motherboard is in the 
case, it is easier to fir ic beforehand. Before 
you stam, consider ihe facr thac the CPU is a 
very siiti¢e sensitive animal and mav be easily 
damaged! by the wrong sor of handling. Bo 
nor much the CPU: pins when handling the 
CPU. Put the. motherboard and CPL, sul in 
its puckaging on the wark suriace in front of 
you. The CPU socket on the motherboard is 
a Zero Insertion Force (Z1F) ope, which 
means you can just place the chip tnto its 
socket with the lever up, then push the 
lever down and towurds the chip to lock it 
into the socket. Ensure that the lever ts 
opened beiore you begin. 





Wearing your wrist strap. or touching an 
earthed object before you start, sit down, 
apen the CPU packaging and carefully 
remove the CPU. holding just the sides of 
the device. The comer with the bit clipped 
off of it is the comer which fits near the 
edge of the mortherboanl, furthest from ihe 
lever hinge side of the socket To clarify char, 
you will. see that just one comer of the 
socket does not have holes reaching all the 
Way fo the camer. If you tum che CPU over 
before fitting it, vou will see a corresponding 
pin pattern, so chat che CPU will in jact only 
drop into place ane wav around. 

Once the CPL is in place and is sitting 
quite Mush with the ZIF socker, close the 
lever down and hook it under whe caich on 
the socket body (see photo 3). 
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Fitting the CPU 
heatsink/cooling fan 
liaving becn very gende with the CPU so far, 
we have to fean on ita fire here! The 
breatsink ancl fan assemibsiy is a vizal 
component of a fast PC, removing the huge 
amount of heat generated by the processor . 
as it mins. The sucgestéd unit comes a5 4 
one piece assembly with a slighily unusual 
mounting clip; in that one side of the clin is 
% separate pivoting part. This makes it fir 
easier tw remove in the future. should you 
ever feel the need to upgrade again! 

Although nor on fast montis shapping 
list, you may find it a wise precaution to 
smear 2 litde thermal transfer compound, 
such as that dispensed tron: a syringe pack 
(FL79L), on the mating surfaces of the 
hearsink anc CPL. 

Unpack the fin assembly and lower it 
ono the CPU. Nore that the assembly will 
only fit one way around, with the proting 
clip on the ZIF lever hinge side of he CPU 
socket. Lower the Ein sit an angle to alloy 
ihe fixed clip to engage onto the honked 
part of the socke: , chen. push the assembly 
flac ensuring thar the hearsink is focated 
centrally over the CPU. Push the pivoting 
clip out and down, then under the other 
plastic hock on the socket, and the unit is 
fixed (see phato 4). 


Alternative motherboard/ 
case mountings 


Now, if you are not using the supeested 
case, but are fitting the moherboant inside 
a desktop case, you may find that the area 
of the marhemuari with the SIMA and 
DIMM slots in is obscured by the power 
supply case. This is ftiriy easily removect if 
VOU Want 10 £0 ahead anct fit the 
motherboard now, bur you may wish ta 
reter to the section on fitting the SIMA's 
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Photo J, Processor ‘tocked' Into tte sockpt. 
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now and fic them before the motherboard 
eoes into the case. 

Those of you not using the case 
suveested miay also find that you haves 
collection of mushroom shaped nylon 
stand-ofis with broad disks built into them. 
All af the mounting points on the case will 
be slotted in this instance, except for one or 
hwo holes near che back of the case, ancl the 
motherboard is mounted as follaws. After 
aligning the motherboard with the 
cause to identify the mounting _ 
holes to be used, snap 2 
mounting pillar into 
each of the matching 
mounting holes, from the 
underneath of the board. 

Ai feast one of the threaded holes 
ai the back of the case should align 
with 2 hofe on the motherboard and this 
will need to have 2 threacteck mounting pillar 
screwed into the hole in the base plate. Lf 
mo thresded holes match the 
motherboard, so much the better fora 
stable itxing. Fit two pillars if possible, but 
check cuefiuliy before you fic the 
motherboard and fis it char you haven't 
inadvertently firiec! a mounting pillar 
somewhere under the motherboarn! where no 
hole exists, as dhis‘witl shon arcuit 
matherixxand components and wacks ker on. 

Once the Jsoard hits it’s stanci-off’s fired. 
lower it into the case sightdy to the left of 
the slotted base plate holes and feed che 
bottam of the stanc-off’s into the sloted 
holes so that the witle disks sit just on :op 
of the plate. This-is a bit itddly, but comes 
with practise. Try gently lilting each carmmer 
of the motherboard when you think you 
have got it into place. Lf one or mare of the 
comers sui tifts, slice the board back cut, 
take a.dcep calming breath, anc! start austin. 
When vou have finished, secure the 
motherboard using one or wo fine 
threaded screws into the remaining hele(s) 
at the: back of the motherhoard. 


Fixing the motherboard 
Lower the motherboard into place once — 
again and make sure tha: you have definitely 
fixec| the pillars into the correct holes, Then 
take five of the fine threaded screws (nate 
that there-are nwo thread pitches in the 
hardware bay, fine and coarse) antl screw the 
motherboard into place Gt may be easier 1o 
do the givinn screw first before it doifts our of 
place}. A magnetised tip on your screwdriver 
Will be a real boon here. You can use a strong 
magnet to magnetise 2 screwdriver if you 
haves‘. alrearcly got Orie with such’2 ip. Tust 
run the magnet down the lengih of the blade 
a few tines, lifting it clear at the end of each 
stroke and staring again at the handle end 
each time. Take special care not-to over 
tighten the serews.and ensure that the 
motherboard is square 10 the back panel, 
with & small pap benvcen the wo. 


Fitting the floppy drive 
The suggested floppy drive is a standard 
‘inch type and is supplied without fixing 
screws. The threads are che same as those 
fitted to che motherboard pillars, so use 
four of the fine threaded screws to fix the 
floppy drive in the top 3‘ inch bay. Note 
that you will neect to iake the other 
removable panel off of the case in.order to 
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Photo 4. Cooling fan 
attached to processor. 


get tO the mountings on-the right sicle of 
the drives as you fir the screws that hold : 
them. You will find that the foppy drive, 
which you should carefully insert into the 
froni of the case.after popping out the 
blanking plate by applying firm pressure io 

the centre of the plate from the inside of 

the case, will be a very tight fit and may’ 

catch on the mourting lugs and guices 

inside the drive cage. Persevere and find! just 
the right angle and pressure-to clear the 
metalwork and the drive will sit flush with 

the front panel Insert anc tighten the 
MOunuNg screws. 


Fitting the hard drive 
The:hard drive should be fitted from the 
inside of thé case, with the sockets facing 
into the case, and secured with the screws 3 
provided in the harct drive packaging 

(coarse threadecl}. Use either of the two 

spare 3°/: inch bays for this. We have chosen 

ta use the botrom bay (see photo 3). The 
drive will protrude some way into the case, 

but this is normal. 


Fitting the CDROM drive | 
The CDROM drive is supplied in the larger? 
5/: inch format and we will fit this to the 

very top bay in the case. As before, pop out; 
the blariking plate frorn the insirle. Side the = 
drive into the cbrivelbay from the front and fir 
the short screws supplied with che CDROM — : 
drive, Bexing dhe CDROM clrive from che 
inside of the case until che holes in the drive 
align with the slots in the case, Ensure thar 
the front of the drive-is Hush with the front 
panel before tightenine the four screws. 


Fitting the SIMMs 


The SLMMs also need to be handled with 
care as they are igirly static sensitive. Please 
tike the same precautions as when fitting 
che CPU to the matherboant. Unpack ihe 


PTT sei cari 


RS fe 


SEMMs (must be fitted in pairs, remember) 
and fit then) into the corresponding shallow 
white SIMM sockets as follows. 

Looking at the SEMAM circuit beard, you 
will see chat there is <1 cut-oui or notch ar 
one ent of che edge conneaor (ihe double 
sided row of meial finger contacts cht are 
used t6 plug die SIMM into its sacket). The 
SIM should be tumed so that the npich is 
towards the front of the case before offering 
up to uke socket SDMMs don’s plug stright 
into their sockets, but need-1o go in-at an 
angle (sce photo 6). They are dropped inzo 
the sfot in the socket unc they are sitting 
right into the sfoz, chen firmly straightened 
fo an upright position past the. metal clips-at 
each end. As the SEMM reaches the upright 
position, the clips at cach end snap into the 
holes in che encds af it and hokl che SIMM in 
place. The photo's show the.operatian quite 
clearly. Note that SIMMs (in pairs) must be 
Are 0 fill a complere bank of memory 

[f you choose io fit DIMMs instead, they 
just plug straight in before closing the end 
clips ro hold them. 


Fitting the sound card 


The sound card recommended has an ISA 
bus interfaceIn practical tenms, this simply 
means chat it plugs into one of the Jong 
black sackets.at the rear lef of the 
motherboard, Choose a socket co use and 
remave the metal plate on the back panel 
(Beware! razor sharp edges on these stamped 
plates!) just behind andi te the right of the 


‘Chosen socker GF fitted). Take the sound 


card out of it’s anti static bag and position it 
above the chosen socke: on che motherboard. 

Before appfying pressure, ensure thar the 
inetal tab at che bottom of the rear panel 
socket plaice has gone down benveen the 
mathertsward and the rear panel and char 
the wo part edge.connector is aligned with 
the socket Note that ficm pressure and a 


rocking.action may be required ro get the 


Photo 5, Securing 
hard drive In bay. 


card started into its socket. Push the card 
fully and evenly home, unl none of the 
edge connector prowudes from the socket 
(see phato 7). Use a coarse threaded screw 
io secure the top of the socket plate to she 
rear panel. Note that ihe top folded tab of 
some cards socket plates may end up a few 
millimetres above the chassis mounts on the 
rear panel. After ensuring gain that the 
card is definirely fully home and square. in 
its SOCket, tighten the mounting screw hart 
cnough tro secure the board! safely, but nor 
o hard) 45 to stress the motherboard. 


Fitting the graphics card 
The graphics carl sugested has a PCI bus 
interface and plucs into one of the white 
sockeis in the middle of the rear of the 
motherboard. You may wish to use one of 
the sackets nearest the black ISA sackers, as 
we will be using the chassis pilates at the 
outer edee of the board fur mounting some 
LO socket plates later on. Remove the rear 
panel plate. behind anc ‘to the left of the 
chosen socket Unpack and offer the 
sTaphics boartd into place,.then. push it 
firmly into the socket, Secure it 10 the rear 
panel with a coarse threacect screw. 


System wiring 
Now fap the fun part, wiring together ail 
these bits and pieces we have screwed mio 
the case. Note ehat; with this particular case. 
evervihiny is reasonably uceessibie when 
screwed into it’s final position. Some case 
‘designs are no. so open and you may need 
to slide drives about while wing them up. 
There is quire 4 lot of wiring to clo here, 
but most of it is Fairly obvious once-you get 
surted ancl we will take you through i all 
step-by-step. We will start by connecting 
the various power cables iw the peripherals 
and motherboard. 








Power cables 


We aviil start with the motherboun! power 
cables. The. motherboard sugeested has mvo 
sets of power sockets, the row of flat 
exposed pias are the older standard AT type 
we wall use with the suggested case. 

[fF you look at the handel of coloured 
mower leads that protrude from the power 
supply box in the rear right comer of the 
case, you will see that there are evo plugs 
with six wires each. These are che 
motherboard power leads and should be 
fired into the motherboard (6) such that 
the black leads an each plug sit next 16 each 
ather in the centre of the whole row of 12 
wires after fitting. Nexe that these plugs 
need 10 hook on 10 their focating holes on 
the motherboand from a slight angle, before 
heing pushed home. It is only possible to fit 












these connectors one way around, so if they 
go on.and the blick wires en) up in rhe 
middie, you have fired them correctiv. 


Drive power connectors 


There are two types of power connector 


used for the various disk drives on your PC. 
The larger type fits most hard ctrives, 
CDROM drives and 3%: inch floppy drives 
(should vou ever nec to fir such an ancient 
device}, with the smaller tpe being used for 


3Y: inch Boppy drives. 


Connect a lame power connector £0 the 
CDROM cirive, the hand drive, and the CPU 
cooling fan. Connect 2 small cannector to 
the 3'/: inch floppy drive. Note that all of 
these connectors are polarisect and will only 
Rit one way around. Tuck the cables our of 
the way of the miotherhoard. 


Drive data cables 


Now for the big one. This is the area where 
people have mast problems. First, the 
floppy drive data cable. [ts the one with five 
connectors ant a rvisted bit of cable in the 
mitkltc. The connector on its own at one 
end plugs into the YO controller (built inta 
the matherhoard on this example). The red 
stripe indicates pin 1, shown on die 
motherboard by awhite arrow: Phug this piug 
into the connector nearest the motheroar! 


powersockets (17). You will notice that this 


sockeris keyed and will aniy fit the correct 
Wily around, Older sysiems, or plug in £O 
cards, often used non keved sackets that 
would fir either way around, as well as having 
no ourer sheli on the PCH, so vou had to he 
careful nor io plug the whole thing in one 
nin out in cither direction (very easy to do). 
Now, this feaves four connectors at the 
other end of the-cabie. IF you fook at these, 
vou will see thar they are of pwr differcat 
woes. The edge connector (slotted) ne is 
only used for 3‘: inch disk clrives, so you 
can forget about those vo. OF the 
remaining pair, che ane on dhe moatherborni 
side of the mwist in the cable is for 2 ‘B' drive 
and the farthest from the morherboant 
(bevonc the twist) is for your ‘NV (bootable) 
dirive. Connect this ‘4 drive connectar to 
vour Matsushita 3/: inch drive. with the red 
stripe on the cable furthest from the power 
connéctor (his unusual, mans drives will 
have pin f nearest the power connector). 


Photo 6. Inserting S!MMAIs 
In thesr sockats. 
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card onto moth 


The hard! drive cables supplied! with your 
motherboard and hare drive are both twin 
dnive cables, each allowing up to rwo IDE 
drives ta be connected. The connector on 
its own at one ent of the cable should now 
be plugged into one of the IDE connectos 
on the motherhoart! (DE #1 is on 12). As 
before, note the red stripeAvhite arraw/pin 
1 aligament. 

Connect the orher end of the cable to 
the hard cirive, with the stripe on the cable 
nearest the power connector. 

Use the second IDE cable to plug into 
IDE #2 G13) on vour- motherboard, notine 
Orientation as before, and plug the other 
end of the cable inte the CDROM drive 
data connector, stripe nearest tO power 
connector (zocl lighting helps here). 
There is no reason why the ovo drives 
should nat both eo on the same cable, ather 
thin the fici that the layout chosen here 
docsn't allow the cable to physically reach 
both drives. IF vou were to fir the CDROM 
drive on the same IDE channel as che hard 
drive, you would have toalter jumper *! 
settings on both drives. 

IDE devices will work in pairs, where one 
device is designate! a ‘Master’ and the 
other 2 ‘Slave’. The default jumper settings 
for the drives as supplied will tend! to be 
“Master, na Slave present’. One drive would 
nee to be sct as ‘Afaster, Slave present’, 
the other drive as ‘Slave’, should you wish 
tO pur bath drives on the same channel, or 
add another hard drive to the set up. 



















Input and output cables 


The motherboard suggested, like most 
mecxlem moinecboards, has a built in YO 
controler system. The various ports are 
connected to sockets on the motherbaard 
and these will need 10 be connected to a 
pair (% adaptor plates that bring the sockets 
Gut 10 the back panel of the case, 

Locate the adaptor plates and fit them to 
the back panel plate positions nearest to 
the sockets on the motherhoard ( they 


to ) in place of the blanking plates already 
fitted there. ‘The cables on the plate Atrec! 
with the small round socket (P52 mouse 
connector) and che Jong male.25 way D 
connector (COM port 2) should plug into 
J4 and J9 respectively. Nute the red 
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could go anywhere that the cable will reach. 
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stripe/pin Lb alignmen: for J9. 

The cables On the other plate are 
connected as follows. The male 9 way D 
connector should be plugged inta J10 
(COM i) and the temale 25 way PD 
comnector (EPTYPrinter) to 38, noting red 
sirine/pin T alignment. 

All chat. remains to be connected now-to 
finish the wiring inside your PC are the 
front pane! switch, the LED wires to the 
motherboarl and the CDROM drive audio 
cahic to iink the CD audio otput to the 
sound carl 


Front panel wiring 


The booklet thar comes with the 
recommended motherboard is a very good 
one and details all of the connection and 
set up in great deel. Refer to page 16 
onwanis for the exact details for connecting 
the various front panel and LED connectors 
to the hlock of pins marked *J15°. I won’t ga 
through each of these here, except to say 
that you shouwkin’r worry too much at this 
stage about the polarity of the front panel 
plugs, If you ger che LED's wrang; théy 
simpiy wore light and will have to be reversed. 


Fhote 8. Data’ 
and power cables 
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CD audio wiring 

The CDROM drive has a low level audio 
output that may be fed 10 a sound card for 
amplification and playback via extemal 
speakers. The round cable supplied with 
the CDROM drive should] be connected in 
the socket next co the dara cable at the 
CDROM drive and to the small white socket 
(11) on the sound card. 


Next month 


Next months anticle will conclude this short 
series by looking at finishing the PC off, 
fitting all peripheral devices and setting up 
the BIOS and 2 typical opening system. 
Full operating systems can be surprisingly 
hard to. ger hold of The full version of: 
Windows 95 is only officially available when 
purchasing d new PC from an approver! 
vendor, leaving only the upgrade version of 
Windows 95 on the shelf az retail stockists... 
Those of you who already have access to 
DOS 6.2 ar similar: Windows 3.0, 3.1 or 3.113 
and have or can get 2 Window's 95 upgmde 
package io install an operating system, may 
take this rather long route to installing the 
software. Those of you who are Jucky 
enourh to have access to a full version of 
Windows 95 (preferably release 2) that is 
noi in use on another machine nigy use 
this infinitely simpler method :o iristali 
Windows 95 in one hit 

For those of you who would like to install 
the full up-to-date version of Windows 95 in 
one (fsirty) simple operation, we.are-able 
10 Offer vou this package ar rhe very 
competitive price of £79.99 including VAT! 
Windows 93 must he onlered at the same 
time a5 computer hardware (order as LSOTY). 

You will need a start up flappy disk ta 
loud up the first operating software from 
though, as you can't start vour PC (hoot 
up) from the CORGM deceive. Some versions 
of Windows 95 (full version) are not 
supplied with 2 floppy disk, so this cauld 
be 2 problem. You will also need to insiall 
some speci clevice drivér sofware before 
your new PC wiil be able to use the 
CDROM drive. Get hold of a copy of next 
months “Electronics ard Beyonce magazine 


to find out how 








in Figuce 3. A cransformer is 
used to step mains ac valtage 
down to within the ringe of 
the intended application. A 
recuhier circuit is then used to 
convert the 2c voltage Inte de, 
and finally 2 volaige regularer 
clamps the output voltage atils 
appropriate level. 

There are other parameters 
which could also be considered 
for more sophisticated power 
supply cinaiits. Protection . 
wainst excessive load 
variations, and in the extreme, 
ovenivoad. can be inconxaratect 
into the design. A back-up 
hairery supply could also be 
added to safeguard an 
application such as a burelar or 
fire alarny in the case ofa mains 
faiture. Electronic filters can be 
addec! to the rectifier stage to 
remove mains harmonies. 
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Design Brief 
hlere we are. going to revicw 
the design of a basic power 
supply svatem for use in the 
workshap. We want to. genene 
de ourput vultages of SY 12¥ 
and 0 ra 12V variable. Current 
handing capability should be 
of the orler of LA It is 
important: that dhe supply is 
: rectified and that the output 
= voltage contaiss minimal 
ripple. Cost is also an issue — if 
passible, the design should 
© come in at under £15. 
i Let's return 20 Figure 1: The 
: first consideration is the mwst 
CSDEMSIVE COMPONENL 1 ANY 
The power supply is a key element of any electronic ie pages a ie, 
circuit. Here Stephen Waddington reviews basic power majority of transformers have 
supply design and shows bow to make a low-cost device 


capable of providing DC outputs of 5V 12V and 0 to 12V. 








SUPPLY 
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recharge. A baclly designed 
audio power supply will result 
in bass distartion as the 
volume ts increasect and the 
supply voltage falls. 


philosophical question: 
which came first, the 
chicken or the ege? 
Here's an alternative question 
for electronics engineers: which 


d4eeedare 


After Thought 


Power supplies aré more often 
iiian not bolted onto an 
elecuronic Circuit as an after 


44 EPCOT PER a ee 
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came first, the system or dhe CUBE Heme nne! Similariy. there is very little 

power supply? Thedifference =? the correct power supply to : point in wasting money 

beiween ihese two questions is: 30y electronic system is crucial spending a fortune fitting a 

thar the later is the easiest to : ta its conunued operation. An : doorbell with a higth 

answer. [t was without 2 doubt : unregulated batten: charger = regulated pOWEF supply: 

the elecironic system that came : would quickly destroy the very i The key élements of a basic 

hefore the power supply. = bareries it was intended to = power supply circuit are shawn 
; ; 
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Trenstormer Rectifier 


4 
lew Valtese 
AC 


1 1 , 
Law Voltage Yolicge Reguicted 
bec Reguicier pc 


Figure 2. Two ways of 
connecting a mains 
: transformer with two 
: secondary windings. 
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YISQE 
ole 
DH296 
DMZTE 
WeSC 
VW8250 


Secondary Secondary 


voltage rating current rating 
[ Amp ] 


[ AC Volts ] 
2x6V 
2x 6Y 
2x 6Y 
2x12V 
2x iz 
2x12V 


Coast 


£6.09 
£9.43 
£1.49 
£1.46 
£9.45 
£14.99 


Table 1. Range of transformers capable of providing 
12V AC at LA. 


single primary windiag which 
carries the mains input voltage 
and avo secondary windings, 
which carry to the stupped- 
down voltage. The secondary 
windings can be connected in 
semes or parallel as shown in 
Figure 2, to provide a higher 
voltage or current ouiput. 

lf it assumed chat the 
secondary windings ola 
transformer are rated at Io A 
and Vs ¥ then connecting the 
windines it series provides a 
current output of Io and a 
voltage output af 2Vs, 
Meanwhile, the puralfel 
CORNNECHON BIVES 2 CUTeENL 
output of 2lo and a voltage 
gutput of Vs. Parallel 
connection should onfy be 
consklered when the 
nmianulacturer’s specification 
states that this made mav be 
employed. If vou try it with a 
standard transformer you will 
create a current imbalance, 
which will more than likely 
cause it to fail, 


Transformer 
Selection 


Let's go back to our design 
specification. We wani a power 
supply capable of providing 12V 
at upto LA The possible 
transformer options are. shown 
in Jable 1, alongsidé the 
configuration thar would be 
required for each device. | 
opted ro use the 2.x 12V 1A 
secandary coil transformer 
(WB25V) for no other reason 
than the fact that I already hac 
one (o hand. Orhenvise f would 


7220 Fackega 


Figure 4, Pin out detaits 
for the LM 78XX family. 
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Code 


« 
or31) 
AWIBOA 
AMTOM 
AVATT 
AVISU 





Device 


M7805 
bf7205 
UVES 
LMF8IZ 
Lit7835 


S4Pipbidaiebtpe 


edGhiddsarecsaaese 


iow 
Voltace 
AC 


b4¢ 


co Reservecir 
Copeciter 


Figure 3. Basic bridge rectifier circult with reservoir capacitor. 


Voltage 


[ Volts ] 


Cost 


5 £0.99 
S £1.30 
8 F130 
42 £0.85 
15 £0.97 


Table 2. The LAT78XX familly of 1A fixed voltage regulators. 


of selected the lowest cost 
option — in this case YIS0E 
Which has ovo 6V primary 
windings rated at 1A. 

Retuming to Figure 1, che 
next issue is the rectifier The | 
bridge rectifier shown in Figure, 
3 forms the basis of the majority 
of power supplies. The diode 
element of this circuit can be 
constructed using individual 
camponents, but more 
frequently a single encapsulated 
package is used. 

A quick sean:ai the Maplin 
catalogue shows that integrated 
bridge reciificrs are available in 
almost. every conceivable type 
of voltage.anct current rating 
from 35 co 280V and from 1 to 
35... In this Mstance we are 
opting for WOL, a device with a 
maximum 0-logd) volrage of 
OV and a cypical currenr 
handling capahiliiy of BSA. 
Bridge rectifiers should be nived 
at the output load current and 
as a rule of thumb; the no-load 
voltage rating is 1.4 times the 
rated secondary output voltage, 

The value of the reservoir 
capacitor shown in Figure 5 is 
dependent on the toad current 
and the amount of voliage 
output ripple that can be 
tolerated. The larger the size of 


Figure 5. Reciified 
The LM7805 Low Voltdie 
and LNMi7812 oC 
connected 

in circuit to 

produce 

yoltafes of 

5V and i2V. 
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the capacitor, che fewer ripples 
will Gccur in the output stage. A 
6,800uF device should be 
atlequate for the majority of 
applications, although these can 
be increased ‘to further reduce 
the cipphe component of ute 
output valiage. Cost is the 
primary issue here. Like the 
bridge rectifier, ihe voltage 
rating of dhe reservoir capacitor 
should be specified in terms of 
the rated no-load secondary. 
Output voliage. 


Fixed Voltage 
Regulation 


Next we come to the issue of 


‘voltage reaulation. We need! to 


produce a voltage ourpur of 5V 
i2V and 0 to 12V. Hwe consider 
each requirement in turn, this 
minge of voltage outputs can 
easily be achieved. Zener diodes 
are offen used to shunt Gyed 
vakages bur only in low current 
Situations of up to: 5O0maA. 

The alternative to a zener 


diode is a fixed integrated ciccuit. 


valtage reauiiior The LAB&XX 
series of 1A three terminal 
regultiors is available with 
several fixed ourput voliages of 
up to 24¥; as shown in Tabte 2. 
The devices are manufacturect 


=o | 


Regulated 
i2¥ 


Regulated 
SV 
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in aluminium FO 220 packages, 


which need to be.correcily 


heat-sinked io maximise the 


current handling capability: 
Current rating above LA can be 
achieved using higher 
specification devices — check 
the Maplin catalogue for 
further details. 

Figure 4 shows the pin-out 
cletails for the LM7$XX family. 
while Figure 3 shows the 
LMI7805 and LAV7312 in circuit 
to prxfuce voltages of 3V and 
12¥ voltage respectively. In 
each case an‘inpur (Ci and C2) 
and output (C3 and C4) 
capacitor tre used to crap any 
spurious ripple voltage 
generated in-circuit berveen 
the reservoir capacitor and che 
voltage regulator. 


Variable Voltage 
Regulation 


Creating a variable 0 to 17V aia 
current rating of LA is no more 
difficult than generating che 
fixed SV and 12V qutputs. Again 
an integrated circuit is usec. This 
time it is the LM337, adjustable 


| 24erminal device capable of 
_ supplying up 10 1.5 Aovera 12V 


tO 3/¥ output range, The device 
is supptied in a standard TO-220 
package as shown in Figure 6, 
while Figure 7 shows a basic 
circuit confisuration. 

in onerauon, the LM4317 
develops a nominal 1.25V 
reierence valtage, Vref, between 
the output and sdjusument 
terminal. The reference voltage 
Is Converted (0 4 programing 
current by the resistor RI and 


70226 Package 


a 
Ole 
a 


Adiust 
Vox 
Vin 


£4347 Pincul 


Figure 6. Package and pin 
out detalls for the LM317. 
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ADJ 


our 


1.2V to T2¥ 


Figure 7. Circuit diagram for LM3i7, used to create variable 


0 to 12V. 


this consiine current flows 
through R2 to ground. The 
regulated output current is 
given by the equation: 


Vout =Vref (1+ RIRD) + 
feved], R? 


The output voltage is 
adjusted by varving R2, in this: 
instunce a 427 kD 
potentiometer: Plueging these 
figures into tie equation above 
vives avariahfe auiput voltage 
of berwcen 1.2 al 12¥ 

Since ihe current from the 
adjusiment terminal represents 
an error tenn, the LM317 was 
designed ta minimise ladj and 
make it very consiznt with line 
and toad changes. To do this, all 
QUICSCCME Operniting Current is 
returned to the output 
establishing a. minimum load 
current requirement. [f there is 
insuBicient loac on the output, 
the outpuc will rise. 

An input bypass cpacitor, CS 
is used in case the rewulator is 
more than-six inches ayszy from 
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the reservoir capacitor. A O.tuF 
disc or JuF solid tantalum on 
the input is suizaible Input 
bypassing for almost ail 
applications. The-device is more 
sensitive to the absence of inpur 
bypassing when adjustment or 
output capacitors are used, bue 
the above values will eliminate 
the possibility af problems. 
Although che LM3i7 i§ stable 
with go output capacitors, like 


DSFGT 
Switch 


I 
! 
! 
L 
I 
I 
I 
Lt 
L 
1 
E 
4 
J 
4 


PTUTITITTTTITITITIITI TTT bere 


—— 


| 


any feedback circuit, Certain 
values of extemal capacitance 
Can CAUSE EXCESSIVE Hnging.: 
This occurs with values 
berveen 500pF and 5,000pF. A 
InF soficl cantaluns or 25uF 
aluminium electroivtic on che 
output (C6) swamps this effect 
and ensures sealoliry: 


Construction 

The key persona! consideration 
when constructing a power 
supply is protection against 
mains voluuges, The power 
supply should be fused both on 
the primary wincling side and 
the secondary winding side of 
the cransformer as shown in 
Figure §. While a single fise on 
ihe mains side will provide 
nracection in the event of a 
component failure in the 
secondary circuit, it mar NOt 
protect against all eventualities 
inclucting overtoad of the 


Fuse: 


- 


¢ Lew Voltcce 
AC 


L_, 


Transfermer 


Figure &. The power supply must be fused on both the primary 
and secondary side of the mains transformer and a double 
pole double throw switch should be used to switch the mains 


supnpty an and off. 
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voltage regulars. 

Gn the mains or primary side. 
the fuse should be rated at 
200% of the muximium current 
handjing ourput — in this case 
24. Gn the secondary side a 
similar approach shoukl be 
ken and a 2A fuse should be 
adequate. In power supply 
cirils where 2 large reservoir 
capacitor is used, problems can 
eccur when mains current is 
initially applied Guc to a farve 
in-cush of current. To counter 
this, slow-bfow fuses cain be usexh 

The mains supply to the 
iransformer shoutd be switched 
hy a suitable rated douhile-pole 
double-throw device (DPDT) 25 
shonwn in Figure 8, by this 
instance a neon rocker switch is 
used to indicate when the 
power supply is on-and off. 

Each of the circuits was 
constructed initially on 
breadboard and after testing, 
transferred to Veraboard. Each 
circuit is relariveh: 
straightionvand anct the 
constmuction is further 
simplified by this moduler 
apaoach. ] used mvo separate 
pieces of ver@board ane to 
mount the bridge rectifier: 
reservoir capazciior and the 
LM317 variable voltage circuit 
and a sécand for the nwo Axed 
voltage regulator and their 
associated capacitors. 

Each of the voliage outputs 
cin be used either | 
independendy or together 
providing that the overall 
current rating of FA is nar 
exceeded. Ultimately the fuse 
on the prinuiry sidé of the 
transformer prevents this. 


Housing 

As this power supply is 
intended ihe used as ‘a bench 
ton device, | mounted the 
teinsformer, neon rocker 
switch, fuseholder and po 
Veroboard circuits in a diecast 
box with mm banana sockers 
used io terminate each of the 
de ourput voltages. All heat sink 
integmted circuit devices were 
secured ta the cause Using 2 NUT 
and bolt and heat sink 
mounting conor. 

Again another point relating 
to the mains. As the case is metal 
each part needed to be earthed. 
Additionally, afl bare live and 


> neutral mains connectors 


needed to be shrouded. This 
meant using spade terminals 
and push on covers on the 
rocker switch and heat shrink 
covers on the primary side 

uf the transformer. 
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Medical detector 
which can image 
breast cancer 


Researchers at Philips Research 

Laboratories in Eindhoven, The 

Netherlands. have developed 2 

new medical imaging method 

using red laser light sources. A 
prototype of an optical 
mammography device for * 
taking images of women’s 

| Breasts has been made to test 
the new methcxnl An aay of 
light sources anc detectors, 
situated in a *ceup*in which one 
breast is placed, combined with 
fast image reconstruction 
techniques is user 10 ohtain full 
3-dimensional (3D) images. By 
taking measurements at three 
different wavelenoths, images 
cin be upnimised to show 
specific characteristics of the 
breast tissue. Using laser tight at 
670, 780, and 92Qnm 
wavelensth it 8 possible w 
image blood, water anc fat. In 
principle, it shouk! be possible 
ta discnminate berveen 
malignant MOUS anc cysts = + 
filled with water without taking 
biopsies. If the tests prove the 
method ta be usefal, it has a 
number of aiiractive 
chanicteristics, namely it is 
harmless, simple, rélativuty fase 
anu inexpensive. The clinical 

| viability of the method is now 

| being rested in a Dutch hospital 
in Maastricht. IF successful, it 
holds the promise of being a 
harmiess method thar may be 
used tor revular preast- 
screening programmes. It is 
also a mare comiartable 
methad for women since 


Figure 1. The breast 
‘cup’ has 255 pairs of 
low-power laser 
sources and 
detectors. During 
measurement the cup 
contains a warm body 
milk to ensure goou 
optical contact. 




















breasts do noi have to he 
compressed. 

The use of light in image 
breasts has a long history dating 
back to 1929. The interest in 
hresst imaginy is strong 
because in most of che western 
world, women over 40 years of 
age are regularly screened for 
breast cancer using X-ray 
radiation. In onler w get good 
contrast, relatively low-energy X 
Tavs are used which cannot 
penetrate thick tissue, The 
breast to be imager is squeeze! 
berveen ove plares in order to 
rediice its thickness to #bout 
53cm! This squeezing is 
sometimes painful, and possibly 
huomful. The use of Xravs for 
diagnostic purposes may cause 
unwelcome side etiecis. 
Furthermore the breast dssue 
of younger women is typically: 
much more dense than thar of 
older women and therefore too 
dense for mammography to 
image accurately: Light 
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attenuation in breast tissue i? 
nitro is weil known but there 
have been few measurements 
i wing, Where the effects of 
blood or diseased tissue 
complicates matters. Optical 
techniques for detecting breast 
cancer arc. attractive Because 
they are potentially avuch safer 
than conventional X-r2y’ 
imsaping. The cifficulty of 
getting high-resolution images 
lies in the strong scattering 
pmpenies ar the tissue. Philips 
iackie this problem using an 
dtmay Of 235 optical fibres 
together with 255 separate 
diode deteciors positioned in-a 
conical cup 13cm in diameter 
(fisure 1}. The cup contains a 
liquid at 34°C to support the 
breast. The detectors are 
sensitive to power fevels as low 
as 25pW with a wide dynamic 
range. Laser lightis directed to 
ane of the 235 opticat-fibre 
ends, passes through the tissue 
and is detected simultancously 
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by the 255 detectors. A 
measurement is taken from 
every combination of optical 
fibre.end and detectors. These 
measuremenis are uscd fora 
reconstruction of the 3D image, 
more or less in the same way as 
Computer Topography (CAT). 
3D sans are reconstructed 
from slices. The scattering of 
the cissue is nixlellec!, and 
corrections 10 Ute immee are 
applied. 3D images can be 
canstnictec by stacking 2D 
slices as the low scattering 
confines the effect of the tissue 
mainty within one slice, In 
figure 2 cross-secrions through 
a breast with a pumour about 
2cim across is shown. This 
diagnosis bas hecn confirmed 
hy X-ray. 

Projessor David Delphy at the 
Department of Medical Physics 
wid Biocngineering ar UCL 
London, has aiso been working 
Gn an optical imager for brease 
imagine which started clinical 
testing in 1997, The cost of 
current Rnancial support 
exceeds £500,000, of which 
over half is for equipment The 
technique depends on near 
infra-red ravs which are 
absorbed by haemoglobin. 
Because haemoglabin 
LEAS HONS OXPRCT, Scie mist 
know that the more infra-red 
that is absorbed, the more 
oxygen present in the tissue. 
Professor Delphy saict that his 
team had decidéd 10 apply the 
method to the breast, head and 
neqiiatal research. ‘They 
reasoned! that 25 2 tumour 
grows its blood supply also 
sTows- which preanms thar there 
is More oxygen circulaing 
around it. The machine could 
detect tumours earlier than 
conventional X-rays which 
depend on detecting tiny 
calcium deposits that take time 
to develop. However, X-my 
Mamnioegrams now taken fv 


, George Town University: 


Medical Centre in Washington 
DC can now detect 160 to 200 
micron micro-calcifications 
routinely, limitcet only by the 
X-ray film. In conjunction with 
Heriot-Watt Liniversity Image 
Analysis Centre in Eclinburyh 
work is heing done to extract 
information and enhance it 
fron images having up io 9000 
x 9000 pixels. 

The UCL system iWuminares 
ihe patient ac 32 points 
sequentially while detecting 
transimitrect liek 20 32 other 
locations simathkaneoush, 
resulting in 102-4 sepanite 
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+ one breast that do nat appear in 
another indicates 2 physiotagical 
abnommnalit. Thermography is 2 
rest of physiology, it does not. 
look at anatomy or structure, 
and it only reads the infra-red 
heat radiating from the surfice. 
of the boxly. Mantmography on 
ihe other hand is a test of 

> anatomy, it looks at structure. 

: When a tumour has grown wa 
size that is large enaugh, and 
dense enough to block an X-ray 
Deam, it produces an image on 
the exposed plate. A fine needle 
: biopsy is then performed. 

; Thermography, and indecd any 
of the visible and near infra-red 
systems mentioned, should be 
considered as complimentary 
techniques and the best resulis 
taken fram each. 

Comparisons of X-ray and 
marnec-resonance images 
with the images ohiaincd 
from the optical prototype in 
: women. .with breast iumours are 
> now being conducted, and wil! 
: give gore insight into the 
optical properties of breasts 
: and tumours, the required 
> detection limits, and hopefulty 
: earlier diagnosis arid trcacmenc 
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Figure 2 Three orthogonal 
cross-sections through a 
breast with a tumour. 
Optical images were taken 
at 780nm with the cancer 
{carcinoma) showing red in 





histograms of light arrival times. 
Each histogram represents a 
time spreading function fora 
particular line-of-sight path 
across the head. Near infrared 
pulses between 750-850nm are 
provided by a laser operating at 
about 80MHz with a mean 
power of up to 1G 

Curreniy 2 biopsy is the only 
100% effective way at 
detennining if the tissue is 
mationant or not. Of concer is 
the fact that radiological 
techniques vield only a 15-25% 
detection capability with 
malionant tumours, X-ny 
Mammography has come uncer 
fire recently in the US from the 
Nationa Institute of Health and 
ather health advisory boards for 
being overused with negligible 
improvement in the rates af 
breast cancer detection, 


. 
Seeing the 
invisible 
Several workers have taken 
alternative routes io remove the 
need for surgery including the 
use Of Thermal Imaging. 
Thermal Medical [maging 
Corporation (IME and 
USO Norris Comprehensive 
Cancer Centre are. participating 


: ina Thermal Imaging system 

: clinical srial. The results will be 
: taken with another clinical 

: study for FDA approval at 


Howard Universicy Hospital in 


> Washington DC. The USC study 
: includes 600 women recruited 

> fom USC's cancer treatment 

: program, all having breast 


lumps or suspect tissue and are 


: scheduled to receive biopsics. 
: The study is funded by.a 


$380,000 grant from TMI. 
Thermogmphy is a non- 


invasive test, in fact there is no 
: direct contact with the hady 

: and no radiation is used, and 

: the procedure is pziniess. 


Utilising sophisticated infra-red 


? cameras and desk top 

: compiners thermal imaging 

> technicians simply caprure a 
; photograph of the breasi-An 
; infra-red photogrph, or heat 


picture is stored in a computer 


= and may either be printed on 


high resolution colour printers, 


: or sent electronically to's 


physician with 2 similar 


: computer for analysis, The 


physician, or thermal imaging 


: specialist then compares the 


heat patterns in the jeft breast’ 
to the right breast..Any 


: diffcrence in heat, or any 
: specific blood vessel patrerns in 


the woman's breast. 
Pictures courtesy of 
Philips Research. 


: of chis terrible disease without 
: the need for extensive and 
: invasive surgery. 
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FM. BROADCAST TRANSMITTERS 


Fully Built, Boxed and Tested 
Prices start from as little as £30.00 
RSL-Professional Transmitters 
V.FO. High Quality Transmitters 


Limiters / Compressors 


Stereo Encodes 


JAB Electronics, 96 Roof of the World 
Boxhill Road, Tadworth 
Surrey KT20 7JR 


Tel: 01737 842774 
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Photo 10. John 
Deere 8300 
Tractor, L70Kw, 
16 forward goars, 
electro-hydraulle 
gaar shift. 
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Viassive Power 


The shift from the traditional 
spring sowing of cereal crops 10 
ALUM SOwIng- 2nd an increase 
in fand brought under 
cultivation, nade possible by 
large sophisiicned mictors, 
changed the-UK from being a 
net importer of fooxl to a net 
exporter. It must, however, be 
appreciaied Wut as mactars run 
on fossil fuel, lind that was 
hitheno reserved 10 grow feed 
forthe horses was available to 
saw ather crops. Nonetheless. 
much of the cereal crop anes 
into animal feed and indirectly 
into heel, chicken, ¢ges and milk. 
Obvigusik aurunmin sowing is 
oniy possible if the previous 
crop is harvested at che 
optimum ind this requires large 
sophisticated combine 
harvesters. More.about these 
later. In addition ta the combine 
harvester, a whole range of orhér 
inccHigent machines evolved! for 
planuhe and harvesting a variery 
Of Crops such a potaloes and 
suger bect. “lhe days of 
shoveling sumar bect ono 
walters have long since gone. 


Dedicated 


Unlike some industries where 
demand on machines is fairly 
constant over 2 long period, the 
demand on farm machinery 


Scars 
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George Pickiwworth continues his look at the changing 
Jace of the computerised tractor. 


comes in peaks. Moreover, 
most acm implements, far 
example comlyune harvesters 
and sugar beet harvesters, are 
tledicuted machines: they 
actually works for less than 
about ovo months in the vear. 
Whilst tractors are miulti- 
purpose machines, wieir work 
periods nonetheless come in 
peaks, for example, during 
ploughing, seeding. spraving 
and during harvesting when. 
TRICLOTS are engaged mainly on 
ininsporting the crap. 

Massive and very expensive 
implements enable crops to be 
pianied and harvested within 
the optimum time, and during 
periods when soil and elimatic 
conditions are Eavyursble. In days 
pone by piinting and barvesting 
extended over 2 much longer 
period and offen when conditions 
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were far from favourable: a 


prolonged harvesting pericxl 


invariably resuliect in 
deterioration of the crop. 

So. instead of large tractors 
and implements reducing dhe 
daily rime spent working in the 
fields. endeavours to complere 
work curing ideal, bur’short 
peniods, in many cases actually 
Increased the time drivers spent 
daily in the cab. But as we have 
seen, these long hours in the 
cab Listed for relatively short 
periods. On the oubker har, 


with early cabless-nnisy-tractars, 


work lasted for long perioxls: 
indeed, plourhing cominued =i! 
day throuphout the winter 
months. Furthermore, in oreler 
to recoup the very high cost of 
such large sophisticated 
machines, farmers need to keep 
theo working io limits of dnver 


endurance during peak periods. 
Indeed, eractors were fined with 
mamvertul lights for night working 


Luxury Cabs 

‘Te push back driver fatigue and 
manimise daily working hours 
during peak penods, tractars 
and combine harvesters, and 
indeed other dedicate 
thachines, were fitted with 
luxury cabs. The cabs of both 
tractors ark combine larvesters 
are dghdy sealed insulare 
against noise. Moreaver, 
eleciro-hydraulic cantol of 
bath tracter and implements 
means that ali pipes aod their 
solenoid valves, which can carry: 
sound, are located outside the 
cab, To give the criver additional 
comfort, and of course 
endurance, climate contol (air 
conditioning) is installed. 





Intelligence 


Linfike earlier tractars with 
three fonward gears and where 
the driver was able 10 match the 
gear and engine revolutions for 
niaxinium efficiency, modem 
tractors have up to thirty hwo 
forward and five reverse fears. 
Obvtousty, with such a Jarge 
number of gears, it would be 
exhausting for the clriver io 
constantly change gear anc 
throttle setting to maintain 
Maximum eficency So, ina 
modem tracior throrme control 
and wear change are computer 
controlled. 


(Holland tractor 
ploughing at night. 
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Niassey Ferguson 
NIF 8169 Datatronic 


Wheel slip is one of the biggest 
power wasters and to minimise 
uiis wastage, many tractors have 
four wheel drive plus 
sophisticated! ransmission 
sysiems. See photo I+. If one 
wheel begins to slip, power is 
automatically reduced to thar 
wheel. Moreover, power cin be 
applied to all wheels even when 
the emetor is purning on ihe 
heacilands. Touchpads are well 
suited to tractor cab environment. 
Computer management is 
nor confined «) the tractor but 


- Photd’14. ohn Deate Combine - 


extends 10 the the implements. 
Incleed, the New Halland ‘Electno- 
link’ draft control imegrates the 
tracior and implement [0 sive 
precise control and maximum 
operating eifidency. 


Emulating Horses 


Tire use Of computers to 


TMWANHNse (action, goes some 


way to making the tractor 
enrukare a horse. Indeed, 1] well 
remember from way back in the 
eary 1930's how the horses 
drawing heavily laden wegans 
looked ahead ancl without any 
commands from the wagoner, 





js, ~o..  Harvester.-The large — 

sophisticated machines snabled) 
the cereal crop ta’ be quickty: : 

harvested so that ploughing for: 
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adjusted their gait in unison id 
ensure maxinium power anc 
traction when appreaching i 
sieep incline. 

When approaching deeply 
nittcd sections, the horses 
increased their walking speed 
iO almost running $25 £0 
praluce addivional momentum 
which helped to prapel the 
waron Uacough these lad paris 
Of the ane, Moreover, the 
horses were ‘selfsteering’ but 
wactors are not. However, this 
may be changing. 


Combine 
Harvesters 


AS wilh iractors, the operation 
af the combine harvester is 
computer controlled by both 
buttons and touchpacs, So, 
when entering a Beid, the 
opernitor sunply telis the 
computer what kind of cron is 
(0 be harvested and che 
computer automatically ses all 
the operational parameters for 
that particular af crop. 


instrumentation 


Ler us look at the instrument 
panel ofa modern iractor, in 
this case a John Deere S00 
series tractor, see phato 13. The 
six tejuch pads at the lei sicle of 
the panel contain tractor 
performance dara and display 
the following information; 
percentage wheel slip 
(determined by raciar), 
calculated ground speecl, tue 
ground speed (determined by 
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Photo 13. Inside the cab, John Deere combine harvester. The right hand console Fives 
inghfo, wt Me the separator, unloading auger, straw chopper and temparature cantrat 
: fo. the cab etc. 


nidar), power-take-off speed 
(this powers machinery on 
Implements), distance waveledi, 
diagnostic codes, time since last 
service, engine hours and time 
since last service. 


The ouch pact on the tight of 


the pastel cantrods the hydraulic 
system which sets the depth at 
which a.cultivatar or plough 
penetrates the sail andl lifts the 
implement when iuming an the 
headfands. The driver simply 
‘keys’ in che cultivation program 
fur a particular feld and the 
computer cloes the rest. By 
relieving the driver of many 
repetitive operaiions, tractor 
intelligence dramatically 
reduced! the farmer ‘drivec's 
warkloatl 1a the level where 
farmers can attend 10 
Managventent matters via a 
mobile phone in the cab. 
Indeed, some John Deere 
tractars have.a Ccompanuimenc. 
within the cab that they call the 
‘field office’ and is designed to 
hokl documents, a moipile 
phone and tap top computer. 


Optical 
Recognition 

Four years ago, the Silsoe 
Research loastiture- hegan 
developmen: of a virtual 
automsaion intended for 
precision agriculrural 
operations. Images proxluced 
by scanning TY cameris 
lifferentiate crop plants from 
weecls and by detecting cron 
roay Structure, provides 
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suidance co the vehicle; it is 
therefore self steering. Hf the 
Silsoe vehicle is used for weed 
control in for example, 2 
cauliflower ar sugar bect crop, 
it Gin either grab a weed and 
puil ic out af the soii. or apply a 
burst of herbicide specifically ro 
the weed: this later application 
results in verv efficient use af 
herbicide and reituces 
environment polhution- 

The Silsoe vehicles slow 
moving, but heing-an 
automaton this is no problem. 
Indeed, when soil and climate 
conditions are favourable, 
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arms of such vehicles may 
work across the fields for 
mwenty four hours a day: 


Looking 
to the Future 


Evolution is continuous. Farm 
tractors will either continue to 
get bigger, more powerful and 


smarter, or, smaller and smarter. 


Incdiecd, the trend seems to he 
towards smafler cractors; the 
massive American articulated 
tractors are already loosing. 
some of their attraction in the 
UR. However. sith some. 
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implements, for example 
combine harvesters, theré is an 
optimum size, anc thatis a very 
large size. For some operations, 
several smaller tractors (shacles 
of the litiie grey Ferguson) ar 
collaborative-automatons have 
the advantage over 2 Single 
larpe tractor in providing 
greater flexibility at work, less 
ground pressure and Jess rolling 
resistance (resistance imposed 
by wheels sinking into the sail), 
and this improves efficiency. 


Self Steering 

Whilst « comptetely driverless 
tractor,'2s Opposed to an 
dedicated automaton such as 
the Silsoe vehicle, will probably: 
never become 4 reality, chere is 
NO reason Why 2 tractor or 
combine hacvesier should not 
be self steering during actual 
operations within a field, 

This would allow the 
farmer/driver more time to 
attend to farm management 
matiers rom ike cab. 

As we have scen, steering 
with the Silsoe vehicie was 
facilitarecl by the computer 
recognising the crop rows, but 
with ploughing, er combine 
harvesting, there arc no rows. 
Moreover, because ploughing 
and combine harvesting is a 
one-off operation each season 
anc involves numerous fields af 
difierent shapes anc sizes, it is 
impracticable for a computer to 
learn from operations 
perionmed by 3 human driver. 
So, the approach to 2. self 
sicering tractor will probably 
involve TV camers scanning 
aheacl of the tractor. ‘the oa- 
board computer vould then 
compare images. produced by 


Photo 14, Massey Ferguson 8160 
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Photo 45. Traction contro! touch pads 
are self explanatory. The bottom touch 
pad controts the tractor’s lights. 
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the scanning cameras with 
computer generated images 
depicting what the camer: 
should theoretically sce when 
correctly performing actual 
openitions. Stecnng would he 
adjusted su that the tivo images 
maiched each other. 
Furthéenmore, images produced 
by the scunning eimeras may 
well be complemented with 
daza provided hy GPS. 


Voice Recognition 
Following the introduction af 
vaice recopnilion computers, 
there is no reason why the 
reactor ofthe furure should not 
respond to voice commands. 
Whilst it may be strciching the 
imagination to sugesese chat the 
tmictor of the future will 
emulate “HAL in the film “2001 
—A Space Odvssey,’ there is.no 
reson Why vOICe reCcORMILiON 
should not complement auto- 
steering. The driver would take 
his seat in the cab and speak 


Photo 16. 
Instrument panel, 
John Deere 
Tractor, Hives a 
clear view of all 
gauges and — 
displays. 
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commands to the tractor For 
example; “Wake up” (shades of 
my word processor), 
“hnplement working depur 
150rmun”, “Auto steering”, 
“Forward-60m/min”,. The 
tractor, or indeed a combine 
harvester, would then work as 
an guromaton allowing the 
farmer/iriver to attend .o orherc 
matters via his mobile phone 
and on-board lap ton computer. 
When work is compieted in a 
Aeld, the commands may well 
include, “Stap”,-“Raise 
implement”, “Rerurn to Manual 
Steering’. The fanmers would 
then dove the tractor manually 
tn the nexé Held or co bse ae. 


the enc] af the day for re-fueling. 


Remote Control 


The driver need nor necessarily 
be in the ractor cab; he/she 
Could be in the farm office, ora 
caravan in the field, and 
monitor operations by 
television. Indeed, depending 





upon the déeree of automazion, 
one operator may be able io 
contro! several machines each 
doing different jabs. So instead 
‘of Being constantly mobile in 
the tracior cab, the fanmers of 
the furure may be able io 
supervise the operation of their 
tractors from the comfort anc 
convenience of the farm office. 

Tractoss of the future will 
tlmost cerainly responct to voice 
commantis, so by the end of the 
millennium, evolution may well 
have cone full circle hy creating 
2 tireless machine that_thinks 
and behaves like 2 horse, 


Viable Rural 
Economy 


= I is very significant that since 
> the introduction of large 

= triciors, the number of 
agricultural workers has 
declined in number to just 
about the minimum necessary 
> bo sustain a viable agriculniral 
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system. So, [ believe that 
rmeliigeni machines will be 
designed to improve the 
welfare of farm workers rather 
than cause any further 
reductions in the namiber in 
their numbers. 


Energy Input 


To complete this study, fer us 
look at enerev sources for 
horcs and mactors. Horses 
acquired enerey indirectly from 
the sun by means of 
photosynthesis. Ar risk af over 
simplification, plant leaves 
ahsorb CO: present in the air 
and in the presence of suntight 
convert this into carbolydrares 
which provides the energy for 
the horses. There is a direct 
relationship between CO: levels 
in the air and crop vields. Some 
would say that presen day high 
crop yields are only passible 
hecause of the higher 
conceniration of CO: in the air 
resulung from burning fossil 
tueL Indeed,.it hact long been a 
practice to burn parafiin 
lamps/heateérs in glass houses 10 
increase the level of CO, in the 
air and thereby increase yields. | 


Fossil Fuel 


With modero brute force 
farming systems, ihe energy 
required to cultivate 2 crops is 
many times greater than that 
required by traditional horse 
based farming sysiems; if the 
energy used by yraciors was 
cerived ifom plans, the arez 
required! would greatly exceed 
that of marketable crops. On 
the other hand, the ares of land 
requires) co feed horses was 
only 2 fraction of the Lind used 
to grow saleable crops. 

So with tractors, the energy 
expended in the cultivation 
of a crop is invariably fossil fuel; 
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this input fs nor simply in 
tracter fuel but in fexlizers 
and agrochemicals applied to 
that crop. 

Nonetheless, strmvy contains 
large amounts of energy and in 
recent years was bumit in the 
Relds. but is now used mare 
inteditgendy for cate 
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Photo 18. John Deere cambine 
harvester discharging grain Into a 


trafler. Operations are controlled 


by touch pads. 
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fxlderbedding anct inclustial 
purposes: it is also used for 
heating purposes on the farm. 
Remarkably, straw was burnt as 
Fuel with many early steam 
enginy cultivaiors an could 
passibly be used with mexiem 
equipment and thereby reduce 
dependence on fossil fuel. 
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Less Land 
Needed 


Paridoxically, high crop yields 
nutie possible by moxtem 
farming methods and possitsh 
by enhanced CO* levels, have 
brouvht about a significant 
reduction in the area of land 


phadddenn 
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required for iood crops. 
Unwanted land is known as 
‘set-aside” land. 

Rape ail is goad fuel for 
diesel tractors and thearenically 
there is no reason why fuet 
crops should not be grown on 
set-aside [anct; iz is analogous to 
iraditional firming systems 
whereby land was reserved to 
grow feect for the horses. 

In the fumre. brute farce 
Eurming systems:and their 
dependence on fossit fuel mav 
well be tempered with a return 
lo mare cleganc traditional 
Reming sysiems where nature 
did much of the work — for 
example. with the limited 
power of horses, faomer relicd 
on frosts to break down soil 
lumps 10 produce a fine 
seedbed, No doubt farming 
systems requiring less cnerey 
input will he campiemented by 
highiy efficient computer 
controled, intellisent tractors 
and probably autumatons 
which may well further reduce 
the enerey input required to 
cultivate crops in the furore. 
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Clopron, Nocthazts. 
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Alex Hunt of Masushita describes how 
to use and program an ‘FPO series’ 
PLC as a burglar alarm central 
controller with the help of the 
advanced Windows-based 
programming software FP-SOFT. 


rogrunmable Logic 
Conwrollers, berer 


known as PLC's, can be 
used for varying degrees of 
control and monitoring. 
specifically, the FPO hardware 
and sofrware (FP-SOFT} 
contains easy to follow 
programming steps that allows 
flexibility within a control 
enviroument. 

in this project.an FPO-C16P 
(order code NC47B) is used to 
cantrol keypad entry cores, 
timers, alarms and the alarm 
sensors. The programming 
Maybe constructect in stages to 
allow verification by the 
software, alihough this nay 
also be carrietl out at a later 
stave, burt it is easier 10 debug 
shorter programs that may 
have been inputted poorly. 

For this application the 
program has been written in 
FPSOFT (order code NC52G) 
using “Ladder Logic’ 
programming language. This 
sofuware allows the creation of 
a program by using a mouse or 
keyboard, The ladder dizeram 
is programmed using BASIC 
and high level instructions 
written on to ‘ladder nungs’. 

- Specific rungs have been 
grouped in such a way as io 
assist the operator, so niaking it 
easier to view live inputs on 
one screen. Each group of 
instructions is identified to give 
the proprammer knowledge of 


how the system will wark. 

The programming kit 
includes all the cables and 
convertors connectors 
required io connect the PLC to 


> aPC. The programming: 


software allows ease-oFuse of 


> programming between the 


user and the PIC, The 


> advanced Windows hased 


satuware allows the user £0 
create ladder diagrams very 


© quickly using symbol paletres 
= and coal bars, and alfows the 


remote switching between 
‘program’ and ‘run’ goede: 


2 The Alarm 


Requirements 
The alarm may be switched on 
using a keypad eniy code 
(password) thus allowing the 
veer £O turn the system or, or 
alarm off, before crafter it is 


= sounding, 


A timer is then required to 
let the occupants exit the 
building without setting the 


: alarm aff. 


The system will hen 
monitor the inpuis for signs of 


; a break in without the keypad 


entry. liany sensor is activated 
other than zhe front door 


switch the alarm will sound. Lf 


the froni door is opened then 
a second timer will activate 
allowing the systém to be 


: switched off before the alarm 


is sounded. 
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Additional features that 
maybe added include 2 panic 
bu:ton (order code FP12N), a 
timer-on alarm that times out 
after 20 minutes and rhen 
resets the system, an entry/exit 
courtesy tight, an entry/exit 
courtesy buzzer, wintiow 
contacts (order code MM11M) 
ind pressure mats (order cade 
YB9LY or FR791). 
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Programming 
Proprammine is carried our 
using the RS232C port on the 
FPO and a PC using the 
programming cable supplied 
with the FPO programming 
pack. The software is Windows 
based using symbol paleites 
and tool bars to create what is 
commonly called 2 graphic 


Figure L. Keypad circult: Multiplexed connaction. 
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operating environment, or a 
graphic user interface (GUD. 
Operating with a Windows 
based sofmware package irom 
Matsushiia simplifies the 
keyboard operations chai were 
previousiy typed in using a DOS 
based system. 

FPSOFT alko provides various 
kinds of features that enable 
eliective programming. You can 
customise FPSOFT to make it 
easier Lo create a prograns. While 
creating 4 program, itis possible 
to copy, delete, move, or search 
for a part of the program. 


Monitoring 

To suppor programming 
capabiliiry. FPSOFT can monitor 
a program and perfonm a “Test 
Run’ for verification. The siatus 
of-relays and reeisters and the 
operating status of rhe 
proprammable conuotler may 
also be monitored in ONLINE 
mode. Therefore debugging can 
easily be performed. 


Input/Output 
requirements. 


1. The FPO controller selected 
for this project has 16 I/O, 
eightinput and eight/outpur. 

2. The keypad requires seven 
multiplexed 1'O (three for 





inputs and four for Gutputs). 
See Figures F and 2. 

3. The alarm requires a single 
output. 

4. The front door alann requires 
one input (closec! circuit). 

§. The alarm sensors require an 
additional one inpur (closed 
arcuit), and two inputs iFa 
pressure pad is usec! (open 
circuit} so allowing any 
numher of sensors to be 
uscd in series and parallel. 

6. fhe panic switch requires a 
Single input 

7. The keypad entry light and 
the entry buzzer require 2 
Single Ourput each. 


Programming 
The project requires that the 
alarns mizy be switched on 
using a kevpad entry code 
(password). The keypad 
requires 7-1/O, this can be 
achieved by multiplexing the 
keypad using 3-inpurs and 4- 
relay outputs. To achieve this 
che outputs must be pulsed to 
five a specific relay output 
when the keypad is pressed. 
Fach key is represented by 2 

horizontal anc. vertically 
positioned £O. When 2 burton 
is pressed a cantacté is closed 

: berveen the touch sensitive 

: circuit. The first horizonval line 


(butions 1,2,3) is represented 
by YO, The first vertical! line 
(butions 1,4,7,*) is represenced 
by XO. If burton 1 is pressed 
then a pasitive pulse for both 
YO AND XO closes a logic circuit 
sending a consiant to a data 
register, The constant co be seni 
is 1 and the data register is 

DT 100. 

A timer is then required to lei 
the occupants exit the building 
without setting the alarm off. 
The exit timer is activated by 
entering a specific password 
into the FPO. This in curn 
triggers the timers regisier. The 
repister trigeered from the 
COrect password is used as an 
input to start che timer. 

The keypad is usedl to enter a 
password which can he sei by 
the operator to any four 
symbols on the keypad. The 
first ime the password is 
entered the alarm will become 
active after ‘n' seconds allowing 
the operator time to get out af | 
the building. If any of the 
sensors are activated the alarm 
will sound. To deactivate the: 
sensors (or the alarm if it is 
sounding) the operator re- 
enters the building and has ‘n’ 
seconds toa enter the same 
password. If the operator iails 
60 type in. the correct password 
the alarm will sound, 

To dict in entering ihe password, 
an extea Output has been 
progmimmed to tucn 2 courtesy 
light on for 15 seconds irom 
when the keypad is pressed, A 
further output has also been 
programmed to activate a 
buzzer for each press of the 
keypad. For convenience, it is 
nossihle to alter the operatar's 
entry and exir timer for shorter 
of longer periods of time. 
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*Multiplexad input Ast.entieat Gie- 
*Muliplexad input 2nd vertical tne 
*Mutiplosd iiput Sr venical ine 

"Front Goor resd: syitch — 

normally closed ” 
*Pressure msi nonriatty open 
*Panic button 1 
"Part bution 2° 
*Dfutipiexad Input isi poriontal (Ine: 
*\ultplexed Input 2nd horizental fine 
*Muruplexed. input rt horizontal ine 
“Multiplexed, input 4th horizontal line 
“Keypad entry ligt 
*Entry buzzer 
“Atarm 
*Ralay t-cetivates AL00 when brake 
“Raley 2 actvates R100 when broke. 
*Relay 2 astvates R100 when Dros. 
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*Relay 4 activates R100 when broke 


"Retay 5 BClVaIES R100 when BIOKE | 
*Relay 6 activates R100 vihen brore 
“Relay: 7 activates RLOO when broke 
*Relay a activates R100 when broke 
"Relay ‘8 activates, RLGO. when brows 
*Retay 10 actvates Ri00 When broke” 
*Retay 11 activaiss R100 when broke. 


: “Relay i2 SCtVALES RIO wien broke 
-*Tums. sensors 84, X5,: x6, x7 Us. 


*Actvates cutput YO 
“Activates output Yi 
"Activates output ¥2. 
"Activates cutpur YS 
Resets pulse at RSA 


> 'Detrenients Courter 


"Resets counter 
*Relgy that sets timer 2 
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*Relay 1 to. G, 10; 14.12 activates relay 99 
“her open relay 100 sets YA 


 *Special always on relay 


¢ Special {nitiat on metay/ 
Special relzy 0,01¢ clock pulse 
*iums the alan off after 20 minutes. 
“Tums sensor (R30) Tag after 4-seconds 
"Resets R30 & ROO afier G Seconds 
“nfaves KD to data resister Dis ater St 
‘Sats vi afer 15 seconds: 
‘*Rasets ¥4 after 16 seconds 
“Trigkers R71, Rescis R30, Y7, ¥4 sets REO 
"Daia register used to sit 1 hex digit 
Data register used to shift: 1 hex agit» 


 *Stores keypad constants 


"Starting word address” 
-"Used to.pulse relay group R50 to RSF 
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Ladder Logic Programming Diagram (continued). 


THE PROGRAM 
Line Starting 0 


A series of inputs labelled RI to 
R12 will activate internal relay 
R100 when they go low (logic 
Not input). Pressing the keypad 
will pause the multiplexer, 


Line Starting 13 

The 90133 is a special Initizi ON 
relay thar turns ON only far the 
first scan of the program and 
tums OFF from the second 
scan and maincains the OFF 
state, FO is a 16-bit daia move 
thac copies 2 constant to the 


: area specified when a trigger 


(R54) curns on. This set of 
instructions is used to reset the 
multiplexer at R54 as R53 is rhe 


fast multiplexed refay. 


: Line Starting 23 
: The 9010 is a special internal 
: flag and isan always ON relay 


that makes sure F143 is on. 
F143 is partial YO update. 


Lines Starting 
29/39/49/59/69/79/89/9 
9/109/119/129/139 


: When ‘l*is pressed on the 


keypad (linc 29), YO and XO will 
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both go high forcing Ri to close. 
This then moves constant Ki 
into daia register DT 100, When 
2 is pressed (line 39), YO and X1 


; “will both go high forcing R2 to 


close. This then moves constant 
K2 into data resister DT100. This 
function is repeated for ail 
inpuvouiputs taken from the 
multiplexed keypad and is used 
to allocate consianis for 
processing the password. 


Line Starting 249 


: From line starting 0, when R100 


. 
a 


and ROO18 tums on. the R90iS 
internal relay pulses the outputs 


specified. This is a special intemal 


? Telay that activates a clock pulse 
= Of 0.01 second and repeats in 

: 0,01 second cycles. It is used to 
: puise the multiplexed ourputs, 

; which tn cern are used as inputs 
: fram the keypad to the PLC. 


Line Starting 157 


: Aseries of paraltel inputs 


Srerres 
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labelied RL to R12 will activate 
internal relay ROO when high. 
Each time the keypad is: 
pressed, internal relay R99 is 
used to advance the password. 


: Line Starting 170 


From tine starting 1357, when the 


keypad is pressed R99 is activated 


i which in rorn activates Fi13 the 


left shift of one hex digit. This is 
used 20 move the individual 


keypad entry andl exit codes, 
: allowing a four number password. 


Line Starting 177 


From line starting 29 to 139, 


: when the keypad is pressed a 


? constant is. moved to data 


register DTiO0. When the 
keypad is pressed (frigeering 


R99) Fé moves the Hex digit 
: stored at DT100 (the source) to 
: DYl (the destination) by ‘n' 


number of digits. 


Line Starting 186 


= Compares the set password in 

: hex 16 the decimal constant, 

: sending R70 high if equal to K. 

: For this example the password 

: has been set as 1234 hex which 
: is equivalent to 4660 in decimal. 


Line Starting 192 


From line starting 186, R70 goes. 
: high when the correct password 
: is entered decrementing the 

: counter by 1. The caunteér is 

: reset by R71. This counter is 
used to differentiate berveen 


the entry and exit cocle as oniv 


> one password is used. 


Line Starting 197 


Trom fine starting 192. When 


the counter has reached zero, 


C100 goes high, this riggers 
: R7} {counter reset), sets ROO 
: and resets R30,97,Y4. This 

: makes sure the second 

: password entry turns the 

: sensors off. 


_ Line Starting 214 to 220 
: Relay group WR5 pulses outpurs 
 YO-Y3 to the multiplexed keypad. 


: Line Starting 222 

? R30 is used co arm the sensors 

? after you have exited the building. 
* X4 is a constantly closed circuit 


such as 4 reed sensorand will 
set Y7 if a broken circuit is 
detected. X5 is a constantiy 
open circuit such as pressure 
pads and will set Y7 ifa closed 
circuit is detected. X6 and X7 
can be set up 25 either a.closed 
or open circuit depending on 
the panic button being used. 
The panic butions can trigger 
the alarm (47) at any time but- 
M4 and X5 can onty be triggered 
once the alarm system is set. 


Line Starting 232 

Once the alarm (17) has been 
set, timer O starts counting 
clown from 1200 seconds or-20 
minutes, When 0 is reached the 
alarm is reset. If the alarm is 
required to sray on und the 
keypad eritry is made, then this 
. line mavbe removed. 


Line Starting 240 

When R70 goes high, timer 1 
starts counting down from 30 
seconds. This is the exit time to 
close the door. After 10 seconds 
R30 turns the sensors into live 
mode and the alarm starts 
monitoring for break-ins, 


Line Starting 248 

When R90 20es high, timer 2 
starts counting down irom 12 
seconds. This is used to reset 


“Tel/Fax: 
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new computer- 
aided circuit 
layout program 
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4 Horizontally 
Positioned Outpuis 


Figure 2. Wiring diagram. 
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3 Vertically Positioned [npuis 





SPECIFICATION FOR ‘FPO SERIES’ | 
PLC TYPE FPO-C16P 


Supply voltage: . 


Current consumption: 
Max. current: 
Processing speed: 


‘O/P type; 
Inpuis/outputs: 





24V de 


-25mA 


40mA @:24V de 

.0.9ms pet. BASIC instruction 
open collector (PNP} 

8/8 


The PLC type FPO- C1i6P order code NC478, costs: £172, 02 plus 
VAT. The. FPO programming pack, order code: NC52G, costs 
£53.83 plus VAT, Note thai. ihe PLC will require a Suitable power 
supply, arder code NC51f ‘and costs £53.83 plus VAT. — 
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Fully- automatic Br aical circuit layout 
Stripboard or breadboard layout . 
Assisted mmteractive layout options 
Simple drag-and-drop circuit editor 


Detailed construction diagram to guide the assembly stage 


Comprehensive, fully extensible component library 
Provision for off-board components 
Automatic generation of component order forms 
Printout function of all stages 
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R30 curning the sensors from live 
10 dormant. The timer also resets 


: ROO, therefore resetting itself 


Line Starting 258 


: When R70 goes high, imer 3 


starts countine down from 31 
seconds. This then moves a 


: constant *K0" into data register 


DT 1.resenting R70. 


Line Starting 272 & 267 


>: R30 is used.co arm the sensors 


afrer vou have exited the 
building. X3 is a constanthy 
closed circuit such as a reed 
sensor and will set ¥7 if'2 


> broken circuit is detected. 
> When the circuit is broken 


timer 4 will count down from 
15 seconds until it reaches 0 


: and sets the alarm. 


Line Starting 280 


: From line starting 288, when 
: the entry/exit light is set, timer 


edeebende 


5 staris counting down from 16. 
When che timer reaches 0 che 


: entry/exit fight (4) and buzzer 


(Y'5) is reset. 


Line Starting 288 
From line starting 0, when the 


keypad is pressed R100 is logic 


notted to set the entry/exit light 


: Yd. Ac the same time sounding a 


buzzer (¥5}.. 


info @ambyr.com 
htip.//Awwweambyr.com 
Ambyr Limited ‘Reg:office:84 86° Park Lane Thatch: im, Berkshire, RGIS 3PG. 
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by Dr. C R Lavers 


Until recently only the military, using very high- 
per ‘formance equipment, possessed the ability to see 
in complete darkness or through the heavy dust 
and smoke of battlefield conditions. Now new 
affordable thermal imaging technology is bringing 
the advantages of vision enbancement to a broad 
spectrum of commercial applications. 


riginally developed for military 
purposes, infra red (ER) technology 
is now a valuable tool in diverse 
fieids such as power maintenance, medical 
research, archacolopy, search and rescue 
and law enforcement. Systems are available 
in many configurations across a range of 
arices: Recent advances have improved 
image quality, reducing both cost and 
weight, with built-in camer processing 
abiliry. Most IR imaging systems now use 
‘staring’ imaging arrays wnat are. sensitive to 





O 


radiation from approximately 2 to 5 microns 


(umn) ‘short-wave’ or 8 to #2 microns 
‘longwave’. The IR region ranges from 0.75 
microns io over 1000 microns and is 
sandwiched below visible light and above 
radio waves in the electromagnetic 
frequency Speccrum. 

In thermal imaging heat radiation emitted 
by all objects above absolute zero is 
detected. Very hot temperature objects; - 
such as the sun, emit radiatian across 2 
range of Spectral bands, having a peak 
emission wavelength in the visible. The 
cooler the ebject the longer the peak 
emission wavelength and the broader the 
spread of radiated power over wavelength. 
This power distribution is more commaniy 
referred to as the Stefan-Bolizmann law and 
the prediction of peak wavelength is given 
by Wien's displacement lav: (figure 1). 
Room temperature objects emic strongly in 
the Far Infra Red (FIR) between 6-15 — 
microns; the Middle Infra Red (MIR) 
cormespands 2a 3-6 microns radiation and 
the near Infra Red or NIR 0.73-3 microns. 

The ratio of emitted to reflected radiation 
for a heat source is known simply as the 
emissivity. An emissivity value of 1.0 
. Fepresents a perfect emitter, or-blackhody. 
Perfectemitiers exist only in theory; 
practical applications involve sources that 
are mot perfect emitters (grey bodies) or in 
fact consist of different substances with only 
specific wavelengths of emission (selective 
or coloured body). In the heart of the IR 
system is the thermal detector. Essentially; 
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: photoelectric. devices either measure a 
: voltage change (photovolraic) or a 


resistance change (photoconductive) as IR 
radiation strikes the detector array surface. 
Common matenals used with high quantum 
efficiency (light to electrical conversion) 
include: mercury cadmium telluride AIC, 
indivm antimonide InSb, and platinum 


silicide PtSi. In contrast to visible-light 


charge-coupled-devices (CCD"'s), most IR 
imaging systems require cooling to 


? cryogenic temperatures (usually liquid 


nitrogen) to achieve acceprable 
performance. Since the detector will be 
sensitive to heat from az source, steps must 
be taken to carefully.cool the detector and 
the surrounding sensor housing to ensure 
that the derector response is attributed to 
mediation from the viewed scene alone. The 


: IR energy measured by 2 detector is a 


SERSe Reade peeea 


: combination of radiation emitred by the 


source Of heat under inspection, and 


: Fadiation reflected from other sources in the 
: scene, Until recentiy only scanned systems 


incorporatine.2 single detector or,.a small 
line of detectors, vere available where a 
mirror would be uséd to rapidly scan the 


: scene in either a serial or paraile! format. 


Over the last few years staring systems 


: have been developed in which the detector 


is a monolithic integrated circuit with ihe 
entiré scene focused upon it. The 
cechnology is similar to that of an ordinary 


: Camera. A germanium thermal lens 


(transparent in the IR Bands) focuses the 
imaee directly onto the detector. Such 
systems remove the need for mechanical 


: Scanning, reducing weight and increasing 
: Teliahility. Military staring systems heve an 


additional advantage that the absence of 
moving: components makes them very quier 
to operate. IR imagers provide sensitive 
indication of the relative temperature 
distribution across the scene: Systems 


; specified as radiometric also provide 
; calibrated temperature measurements at 


individual points or across the entire display. 


: The system is calibrated in the 


manufacturing plant by aiming it at a 
precision blackbody, the calibration source 
is set to. a number of different temperatures 
and the detector optics response is 
measured at every temperature, and the 


; information written into 2n internal 


software calibration table. In addition, daw 


: from other sensors allows compensation for 


changes in backeround ambient 

temperature and the temperature of the 
ystem aplics; vanations in armoasphenc 

propagation are also considered. 


' Applications 
: Thermal IR imaging or thermography is 


rapidly emerging 2s'one of the most 
valuable resources available for a wide 


: variety of applications such as: predictive 


plant maintenance, aircraft analys sis and 
process monitoring. 


inframetrics 


- Figure 2. Ovyerhested ¢ on. 
top changers. ‘Court 


of inframetrics 
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Predictive maintenance 
Therma! imaging is able t6 cliscover building 
Raws and structural defecis at very eariv 
stages. Power failures and major power 
outages can be unnecessarily avoided, 
resulting in significant cost savings and in 
same cases. potentially lives. Portable 
maintenance IR imaging systems have been 
availabic for some time. Hand held systems 
may be used to scan structures and 
equipment, rapidly converting che radiated 
thermal energy inio visible pictures which 
are displayed for quantitative temperature , 
analysis. ThermaCaAM, the most recent 
product from Inframetrics of Massachusers 
USA, (a world leader in the design and 
manufacture of thermal imaping systems 
since 1974), offers a major advance in 
predictive maintenance. ThermaCaAM is 
both lightweight and has a high 
performance, and includes a full-screen 
cemperatiire measurement with 12-bit 
digital data storage. Images may be siored in 
the camera via solid-state memory cards and 
output as TY ¥CR-comparible video or 
digital signals. Images may also be stored as 
either &bit or 12-bit TIFF files which can be 
viewed outside the camera and uses image 
processing sofware fora PC Windows™ 
environment, enabling extensive dara 
analvsis of bath static anc! real-time images. 
At the cenire of ThermaCAM is a field- 
tested microcooler which keeps its Focal 
Plane Array (FPA) deiector at 4 constant 
operating tempemture. Combined with 
advanced electronics ThermaCAM’s rapid. 
data handling ability and low power 
requirements, only 12) means it is able to 
Tu On a conventional camcorder battery, 2 
desipn feature which reduces the overall 
ystem weight anc increases portabiliiy The 
batrecy attaches directly to the camera, 
avoiding the need for cables and will 
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operate continuously for over 2 hours with 
a Single battery charge. ThermaCAM 
incorporates accurate radiomeiric. 
calibration with an optical camera, résulting 
in an extremely stable, full-screen 
radiometric system able to measure- 
remperatures fom -20°C to over 1000°C and 
up to 1500°C using optional high 
remperature filters. High-resolution black 
and white or colour images with 236 colours 
may be viewed through a colour Liquid 
Crystal Bisplay (LCD) showing images free 
of ambient light or reflections. ThermaCAM 
is rated to withstand a 7OG shock, 
equivalent to dropping the caniera fom 3 
metres onto a concrete floor! 

An Inframetrics ThermaCAM camera has 
been used by the Maintenance division of 
London Electricity pic as part of routine 
servicing throughout the power 
distributor's region. London Eleciricity 
provides commercial and domestic power 
10 Central and Greater London with 
responsibiliry for sub-stations and grid sites. 








& the radiating orea and T in Kelvin. 


throughout the region. Highiy detailed 
images of vital equiprment such as 
wansformers and connectors heips 

save COStS.ON unnecessary equipment 
Striptiowns. Damaged transformers and 
generators easily show up as hor spois 
much higher in temperature than expected 
during temperature analysis. As London 
Flecuriciry Engineer John Parker explains, 
‘there can he little doubr that the thermal 
imager sill pay for itself in terms of cast 


rey 2 | 


tBuilding heat i 


Fifure 
if canrtesy iFSi- 
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Figure 4, Left: Checking fauity fuses. 
Right: Heat rise on alr compressor 
cylinder heads. Courtesy of Inframetrics. 
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——= —_ i ? numerous Cases af spotting suspect 
inframetrics : criminals hiding in bushes, or children lost 

; in open areas and Reavily wooded areas at 
night. One North Carolina law enforcement 
agency, used a RTIS thermal imager co find 
an arsonist hiding in a ravine, preparing to 
set a house Gn fire! 


were §==6 Uncovering the 


Tether Concealed and 
refractory 


fining'in : Heightened Surveillance 


ik Tee ees ? The RTS P200 vehicle:mounted camera is 
re lnframetpics. : highly effective in scanning for recently 
: driven cars (ihe engine appears hor), 
searching for drug making equipment and 
the eacly detection of fires in closed 
buildings. Therma! imavers can even detect 
concealed weapons, an option all police 
officers would like to have to protect their 
own officers in high risk environmen.. 

On parol, or when calied into specific 
situations, policemen can now can use nicht 
vision cechnology in a wide variety of wavs: 


it ee | a. . : - = zo seeing throush smoke 2nd dust, pinpointing 
saving and it has proved a source of ven : Finding Viissing Persons : sniners, and securing public belied 


accurate data as part of aur ongoing 








a, ; Detecti iding or misst rsons has spaces. These are all] surveillance benefits 
maintenance activity’ The camera is used for a hiding o STE = oa pice? a 
aah ap : become commonplace through the use of reaped throueh the use of thermal imaging 
identifying hospots in connecrars and a . —_ ee 

| thermal imavine technolosy Law technology. Monitoring people and objects 
| isolators but has also proved useful in —— a ie : © | 
| enforcement agencies have documented in the dark, see Fipure 6, or even in the 


| identifving cil flow problems in tansformers- 
| giving early warning of problems which could 
cause major supply network disruptions. 

See Figure 2. The camera's poriabiliny has 
oroved popufar with engineers in cramped 
site conditions or working up ladders and 

on scaifolding. Applications include electrical 
and mechanical IR inspection, condition 

| monitoring of refractory linings, insulation 

: effectiveness, mooling oo etc. See 





Figures 3 anc 4. 

‘Thermal imagers are now an integral 
fearure of preventative maintenance 
programmes at Blue Circle Industries 
cement plant in Staffortshire. Blue Circle 
purchased an Inframetrics ThermaCAM 
system ta develop highly accurate records of 

machine conditions within the plant, which 
| in the past were largely made by visual 

inspection. tn addition, the-identification of 
not spats in the refractories and kiln bricking 
enables local action to be 1aken on potential 
problems. Figure 5 shows a breakdown of 
refractory lining in furnace walls. 





Law enforcement 

or Military Technology 
applied to the 
Criminal Batilefield 


Wich the end of the Cold War, many military 
technologies have increasingly found their” 

| wav into the civilian sector. Thermal imaging 
technology extremely useful! to the military, 
is progiding its benefits to law enforcement 
agencies through North America and the. 
world. Raytheon TI systems (RTIS) bas been 
leacling in the provision of lw enforcement 
with their high technology cools to fight che 
war on crime. ‘Nighisight’ Thermal - Imaging 
Solutions products provide several tseful 
law enforcement features. ‘Nightsizht’ allows 














| palice officers to pursue suspects into Figure S; Policeman 
| building, dark alleyways, and the smallest, courtesy. Sb thes fs 
Raytheon PalmlR 230 camera weighs only . ‘TN Systems {RTIS). 





l.2ke and has a rangé of over 700m. (es , : 2 
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shadow cast within wellic areas, is difitculs, 
Thermal imaging can highlight people, 
vehicles and certain objects in the dark, or 
even intruders hiding in foliage or beside 
buildings. By cletecting IR enerey, these 
Cameras can transface hear into high- 
contrast video pictures, makine warmer 
objects show our‘as red against a coaler 
backeround in blue using so called false 
colour representation, where hot objects 
may be shown in red against acold blue 
backeround. In rotal darkness or daylight it 
is easy for US officers to detect illegal 
immicrancs trying to cross borders or avoid 
perimeter patrols, 

Search and rescue teams in co-operation 


with fire-fighters and police officers may also 


move safely inside buildings to find people 
trapped in rubble, determining porential 
hazards such as gas or oil leaks. and even 
detecting weak spors in dams holding back 
floodwater. Thermal imaging has also 
proven useful in helping secure the disaster 
scene of a recent crashed TWA Fliche 800. 
Firé-fiehters are also able to see through 
emoke anc detect hot spots ro determine 
the source of 2 fire. 


Safety at Sea 


When the sun sets at dusk it doesn't mean 
that mariners head for the nearest port. 
Public vessel transport, the Coast Guard, 
military, pleasure boats and even 
commercial oil rigs need to manoeuvre at 
nieht. Crowded and dimly lit dockareas 
may be hazardous, especially when 
Operating a large vesse) With thermal 
imaging obsiacles and buoys, small boats 
and floating debris may be spotted easily in 
the water, Passenger vessels such as the 
Washington State Ferries of Seattle, have 
adopred a Raytheon Nigbtsight system to 
camiplement their existing radar in order to 
avoid floating navigational hazards that 
could lead toa coliisian, 

Navy Coastguard and military personnel 
often need 10 mount search-and-rescue 
operations in the middie of the night or in 
foul weather conditions, By detecting heat 
difierences berween objects in a ‘scene’ 
thermography has become a crucial ally in 
poorly lit dock areas and in boating 
accidents. The US Coast Guard has found 
thermal imaging beneficial in a number of 
ways, from spotting a swimmer's heat trail 
in ihe water to clerecting warm boat 
engines. The technology is now used duriag 
routine patrol as well 'as in emergency 
situations. The SAFIRE (FLIR) family of 
thermal imager is available in a shipboard 
version for maritime patrol, naviration 
assistance, and search and rescue. 

Oif platforms are notorious for their high 
levels of maintenance and hosiile operating 
environments. Preventable maintenance and 
non-tlegiouctive examinations (NDE) of 
internal pipework surfaces has been 
reduced significantly by introducing 
portable ThermaCaM IR image analysis 
cameras at BP’s 40's oil field platforms. The 
camera system is able to identify ‘hot spors’ 
in bearings and components susceptible to 
Wear within motors and pumps, and can 
confirm data supplied by diagnostics 
equipment. Thermal imaging has proven 
useful in thermal surveys of pipework and 
pressurised vessels which are susceptible to 
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Figure 7. OF platforms 
are notorious fay. their 
high levels of “_ 
maintenance and hostile 
operating enviranments 
Courtesy of Inframetncs 


the build up of salt water ‘scale’, which 
eppears as cooler areas with the imagine 
camera. BP is now able to assess build-up 
levels and respond before blockages occur. 


AS: David Cathpole of BP Offshore 


Exploration explains “having assessed the 


thermographic image technologies and now 


purchased our own camera it will play an 
increasingly important role in BP's 
production platform maintenance.” 


improved Night 

Driving Safety 

55% of all driving fatalities occur at night, 
yet only 28% ofall driving takes place after 
sunset. NighuDriver, a Raytheon thermal! 
imaging system is now available as an 
integrated option for automabhiles; it 
permits drivers to see 4-5 times further than 
conventional headlights, giving drivers 
precious time 10 react 10 unseen traffic, 
pedestrians, obstacles or animals. The 
camera may also be adapted for rack 
applicatians. The system uses 4 heads-up 
display (HUD) to project real-cime thermal 
images onio the lower par of the driver's 
windshield. The image created by a thermal 
array transtates the IR héat into high 
contrast Video picrures, and because ir is 
unaffected by headlights helps reduce the 





SUttidetate 


SOTELE SSP PT ee 


TOTES PES 


FILL Lee 





distraction caused by oncoming trafic glare. 
Recently an RTIS NightDriver was driven to 
victory in the US Score Baja 1060 Stock Car 
Tace with a 13 minutes victory margin. 
Similar night vision technology is being 
developed by automobile manufacturers as 
a consumer safety feature. 


Aircraft fatigue 
A new NDE technique relving upon the 
reflection of heat pulses from sub-suriace 
defects, analogous to radar detection, is 
currently achieving good results in aircraft 
maintenance, Therma! Aid for Defects and 
Ranging (THADAR), has become more 
commonly know 25 pulse-echo thernal 
ware imaging, a concept first suggested by 
Alexander Graham Beil, the inventor of the 
telephone..A high power photographic 
flashlamp pulse“hears the object surface 
under inspection. A plane thermai wave 
propagates into the material. As the pulse 
encounters 2 defect below ihe surface the 
defect scatters back a fraction of the pulse 
energy towards the surface. When these 
reflected pulses (ar thermal wave echoes) 
arrive back at the surface, the defect depth 
is given by the simple time of flight (speed 
= 2 +Rangestime of flight). 

Through the use of fast image processing 
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Figure 8. Car motor viewed 
| With thermography 





hardware and software the computer 
memory scores a sequence of gated images 
corresponding to the various arrival times of 
the echoes at the suciace.-The resultisa = - 
series of echo images located at various 
depihs beneath the suriace. The return times 
for aluminium aircraft alloy skin is rypically 
milliseconds, whilst those of graphite- 
reinforced carbon fibre composites are from 
100ms to.seconds, depending upon the 
image depth. In practice operational range 
covers. from a few microns of paint to 2-3em 
of concrete. This NDE technique is crucial in 
aircraft analysis for monitoring fatigue and 
crack propagation, particulary in-winetips. 
Thernial imaging has several advantages 
over other traditional NDE Imaging 
technologies such as x-rays and ultrasound — 
in that iz is; non-invasive, non-contact and 
may be usect over lange image areas (square: 
metres). Spatial resolution from deep : 
defects tends to blur, or ‘wash-our’, but : 
software is available to partially correct for 
these aberrations. High energy flashlamps 
are used in the 8-12uqr band. In the : 
automotive industry 1R'is used to monitor — 
the adhesion of ceramic coatings onto : 
diese] engine pistons, processing defects 
and in injection moulded’ polymer parts for: 
braking systems. Aerospace and engineering | 
applications allow rapid and contactless 
corrosion and bonding failure detection in 
metal aircraft skins, and process defects in 
carbon composites. Effects that have been 
demonstrated in both Boeing B-727's and 
ageing military aircraft. it can detect the - 
presence of vols, which show up witha 
3-2* temperature difference. Car and vehicle 
engine performance may be easily 
monitored with IR thermography. 
Raciomeés, the conical glass fibre enclosures 
on aircraft noses which house the radar : 
must provide an ‘electromagneticalh’ clear: 
window through which the radar signal is : 
transmitted and echoes are received. 
Trapped moisture and glass fibre 
delamination will block or defiect radar 
signals. Moisture is also responsible tor 
radome cracking. California Raclames of San 
Jose uses 2 Thermvision 450 IR camera from 
AGEMA Radomes are heated to 50°C and 
then observed as they cool down. Industrial 
Quality Inc (Gaithersburg Massachusetts) in 
co-operation with the US Coast Guardare 
searching for ways to use thermography in — : 
assessing boat huli damage. The thickest : 
fibre glass laminates are 100mm to 125mm 
thick, such as minesweeper hull material; 
Dut yache siruciures may have foam cores 
30mm thick. “Kevlar and graphite 
composites may be evaluated in this way, 
but 28 a general rule vou cannot detect Baws 
smaller than the thickness of the material”, 
says Thomas § Jones, Vice President of 
California Radomes. Jones uses a variety of 
heat sources, but prefers to use a 0.6-1kW 
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Figure 9. Horse stress thermofgram 


guar lamp UY heater, and ‘strobes’ 
berween 4-5kJ. “Using strobes makes the 
heat pulse an instantaneous event, and you 
can do time sensitive processing.” 


Health Imaging 
and Stress Analysis 


Breast cancer has become a big issue in 
women's health today, particularly in 
advanced industrialised nations, however, 
neariy 1,000 men develop breast cancer 
every year. One procedure which has gone 
largely unnoticed is Breast Thermography, 
which offers the passihility of earlier 
detection of the disease before breast selF 
cxaminadion or mammography. Utilising 
sophisticated IR cameras and desk-tap 
computers, thermal imaging techniciaris 
may Capture a thermal breast portrait. The 
data may be either printed out or. sent 
electronically to a physician for analysis, 
who can then compare the heat patternsin_— 
both breasts. Any difference in heat, orany — ; 
specific blood vessel patterns in one breast 
that does not appear in the other, indicates 

a physiological abnormaliry, which may be 
pathological (@ disease) or indicate an 
anatomical change, possibly cancer related, 
An IR therniogran: may be sensitive to as i 
litle as 0.2°C temperature variation. 
Thermograms have emerged as a valuable: 
diagnostic tool in sports medicine for 
musculoskeictal disorders, not anly helping 
confirm diagnoses, but clinically assessing 
progress and treatment. Since IR 
thermography is non-invasive, portable and — : 
risk-free it is 4 very practical cool in the 
clinical environment, Kt is useful for the 
diagnosis of: ankle injuries, shin splints, 
stress fractures, shoulder injuries, 
vasculodisorders cic. The versatiliry of IR 
thermography for humans has led to the 
technique being increasingly applied in 
veterinary studies of fimess performance, 
particularly the physiology of racing horses. 
Additional dara on the level of physiolegicat 
stress is piven by a simple IR thermogram. 
see Figure 9. 
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Good System Design 
Critical features of 2 good TR system should 
inctude: 
© Power Focusing- which gives sharper 
VIEWINE, 
@ Low picture disrartion, 
@ High quality sofware packages, 
@ A large number of detector elements 
or ‘pixels’, A high degree of clement 
uniformity and accuracy, 
@ Low pover consumption & tighrveight. 
Several systems exhibit these characteristics. 
including Tracer (FLIR Systems), which has 


‘Figure 10 ‘Bulb testing. 





high quality real-time IR imaging, combining 
high-resolution, radiometric accuracy and 
robust PC based analysis in a Windows 
envirooment, Tracer may be configured for 
a variery of R&D applications, including 
microglectronics failure analysis and 
elecurical component testing, See Figures 10 
and 11. The high resolution provided hy 
75,080 elements in the FPA of a eypical FLIR 
Prisma DS sensor with digital storage, makes 
it easy to capture and analyse thermal 
activity. State-of-the-art FPA camétas work 
with frame rates bernveen 60Hz-200Hz, 
framie sizes of 165 kbytes, with pixel sizes of 
24ura’, The Prism D5 includes a 
microprocessor which all decenc 1K thermal 
imaging systems should have, managing the 
power and imager performance, Software 
upgrades are simply achieved by inserting 2 
removable PC card which-may also hald 
over 2000 images. 


Future Systems 


Amber was the first company to develap a 
Fully integrated camera system. The portable 
Radiance 1 camera has frame rates UD tO 
200Hz, a 256X256 FPA with digiml ourput, 
computer processing, a 12V power supply, 
comparable with the Electrophysics 
Thermotnicer. Series 3,4,5,6060 are 
#enerally fixed and make use of inSb 
gallium-daped silicon. 

Current projections are that by the year 
2000 sensors vill have 7000x7000 elements. 
Phifips now have an optical FPA with 
7000X% 9000 visible elements on an integrated 
CCD wafer with an incredible 66 million 
nixels per sensor. Transferring this to 
platinum silicide in the IR is underway, an 
advanced prototype eyeball size sensor has 
2000 2000 pixels. Analysts anticipare 
micro-optics and multi-hyperspectral systems 
(the ability to image a scene and 
simulianeously determine the spectral 
content), The basic principle of hyper-spectra! 
sysiems relies on the diffraction grating. 
Radiation is separated into different bands 
according to its wavelength, see Figure 12, 
and this method is used in chemical analysis. 

The use of microlithography or reactive 


: tonetching readily: produces diffractive 


elements or microlens for monitoring the IR 
spectruni. They allow a sigaificant weight 
reduction fonty the Jens curvature is 
necessary to focus the IR and noi ihe 
complete lens itself, however, resofution is 
worse, Thé minimum feature sizes ace lum 
+ O.Jum using standard NIR materials. 


Advanced Cooled IR FPA 


PrSi has a cut-off wavelength of 5.7m, a 
maximum response ai 4.34m and took 
$10,000,000 ta develop a 256%256 array 
with 30-40 sensors per water, npically 
throwing 99% of available light away PrSi 


Figure 11. 
Microchip 
| testing. 


uses 2 simple Schottky-Barrier diode with 
each pixel 30um’. 

InSb operates in the 3-54:m band with a 
peak response at 4.7-.8m. The quanrnum 
effidency of InSb is 90%, mare sensitive 
than PtSi. In 1997 Amber develaped a 
312% 484 rectangular TV format, and was 
the first to develop fully integrared camera 
systems incorporating the new arrays. 

Mercury Cadmium Telluride (MCT), is 
known this side of the Atiantic as Caclmium 
Mercury Telluride. By varying x in the 
formula, Hg:sCd.Te, changes the cut-oif 
wavelength berween 3-5um. Loral IR 
imaging Systems have developect a MCT 
system vith pixels 45m’, 

Quantum Well Infra-red Photodetectors 
(QWIP) have quantum efficiencies of only 
50% but based upon GaAs semiconductor 
processing technology which has several 
acivantages. A typical GaAs/AGareaXs system is 
engineered for a peak spectral response 
berveen 3-192m with 0.4-0.5um bandwidths. 
Currently a 128128 prototype is under 
development. The JET Propulsion laboraton, 
and Amber announced recendy the design of 
a cooled Long Wavelength Infra Red (118) 
camera, combining JET's success with 
QOWIP's and Amber's 256256 FPA. © - 

Infra red photodetectors made from 
materials already used in laser fabrication 
promise a superior new generation of IR 
cameras and night-vision devices. These 
quanium well devices are made from 
‘alternate layers of semicanductor materials 


Heat 
Source 


Thermal 
Lens 


Figure 12, Hyperspectral IR Sensor, 





: amranged atom by atom. Quantum wells are 
: already widely used in lasers to generate 


light from current but in IR cameras this 
process is reversed, Jn conventional 


: quantum well devices clectrons only exist in 
: one of nwo energy bands, either a low 
: energy ‘valence’ band ora high energy 


‘conduction’ band. A photon striking a 


: conventianal detector surface liberates an 

? electron into the conduction band 

? generating an electrical signal if a voltage is 
: applied across the detector. The most 

: recent OWIP’s are so sensirive chaz incident 
: photons may be detected even if they only 
: have enough enerpy co shift electrons 

: rHthin the bands. 


GaAs/InGaAs marerials may be fabricated 


: into large 2-dimensional arrays sensitive to 
: both the 3-5um and 8-13um atmospheric 


transmission ‘windows’. Since the earth’s 


: atmosphere is relatively wansparent-accoss 

: these two regions an IR QWIP array camera 

: mounted on a plane or preferably a low earth 
; Orbit satellite will record high resolution IR 

: imapes, obviating the risk of conflict caused 

: by U2 spy planes overflying Iraqi airspace. 

: QWIP cletectors also offer several additionai 


achantages over other WIP detector 
materials such as MCT, including: higher 
detector to detector uniformiry, siriple 
semiconductor, fabrication, higher yield and 
therefore lower unit cost. 

Future developmen will include 
multicolour (dua! band) sensors offering 
beter performance with moderately good 


The radiation is separated 
into different bands 
according to wavelength. 


Diffraction grating 
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MIR and FIR sensors linked together 
relatively cheaply. They will make use of 
iniage fission technology which combines 
differént types of image to create a sinete 
‘hybrid’ display chat is clearer and more 
informative than the individual pictures. 
Scientists have for some time merged radar 


: and optical satellite dara, e.g. ERS1 used to 
: study European agriculture, At Cranfield 


Universirs Dr Chris Thompson's group is 


investigating fused images from the Nik 


(0.75-1].ipm) with good contrast and spatial 
resolution, but limiteci range and FIR images 
(8-12um). Merging images and tracking key 


; features ‘edge tracking’ and using neural 
? newvorks help significandy to improve vision. 


Emerging Uncooled FPA 
(UFPA) Technologies. 


: Asmall group of devices, ferroelectrics, 
: microbolometers and pyroelectrics, have 
: «ane characteristic in common, no cooler is 


required although they are tempermzure 


: stabilised. This will mean lower cast devices, 
: Texas Instruments has just introduced a 


ferroelectric UFPA onto the marker. There is 


aiso a significant interest in 

: Microbolometers because cost may be 

: reduced further from $12,000 for a 

: ferroelectric UFPA to $6,000. INR uncoated 
: devices will operace for roam temperature 

: applications (8-12um), with silicon 

; compatible processing, high video contrast 

; and also possessing high frame rates. UFPAs 
; Were originally developed by Honeywell, 

: purchased by Lockheed Martin and licensed 
: to Loral, Hughes and Rockwell. Uncooled 

? microbolometers and pyroelectric sensors 
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rely on 4 pixel absorbing the 1R radiation 
causing a temperature nse. A transistor 
switch beneath each pixel in a 2-D array 
enzbles active addressing by the integrating 


i circuit. UFPA's are ideal candidates for 
: medical Thermography due to their 


potential for both low cost and longwave 
response. Clearly 1 promising future awaits 
thermal imaging in many scientific 


disciplines still to be explored fully, such as 


medical temperature sensing, predictive 
maintenance and saretlite based systems for 
remote earth observations, 

Further information on IR thermography 


may be found at http: \wew. flir. com, 
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There are emotive subjects, emotive scientific or 
technical subjects and then there is radioactivity. 
This phenomenon is everywhere and bas been since 
time began, infinitely longer than that great pariah — 
of the young, the nuclear industry. In this, its 
centenary year, it’s time to look objectively at both 
the benefits and the well-trumpeted pitfalls of this 
almost taboo topic. 
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Rontgen Rays 


: Withelm Konrad Réntgen had an unusual 

> backeround fora scientist. The colour-blind 
: son ofa German father and Dutch mother, 
: he spent his chitdhoad in Holland and his 

? student years in Switzerland. He was further 
; Unusual in that, although Rector of Wurburg 
: University, he had so high school diploma. 

: The reasan for this lack of formal 

: qualifications was simple —he had been 

: expelled for what was, apparently, same 

: minor misdemeanour 


Young R6nigen did nat let this hamper 


: his academic career and, given his 

: background, perhaps it's not surprising that 
: he should choose, as a research tapic, 2 
subject equally as. unusual — Cathode Rays. 


For 4 vear, RGnigen had investigared 
materials which fluoresced when exposed to 


: cathode rivs. In the course ofan 


experiment, he had wrapped 2 Crookes 


i ‘Tube in black paper and was on his way to 
: examine his uorescent material, a small 
: barium platinocyanide screén, located in a 
i darkened room. To his astonishment the 


screen continued 10 fuicresce when the 


; Crookes Tube was switched on. 


The radiation — whatever it was — could 
obviously penetrate glass anc) paper. Having 
no idea 25 to what was causing the 
fluorescence, RGntgen termed his discovery. 


: X.Siahlen, or X-rays. Inthe weeks that 


followed, R6ntgen established the majority 


: of the characteristics of X-rays, which he 
: published in a paper entided ‘On a New 


Kind of Rays, A Preliminary Communication.’ 
Having had che paper published In Wurzbure 
Universin’s medical Journal, Rontgen then 


: sent reprint copies and some X-ray 


photogmphs to scientists around the worid. 


: The date was january, 1896. 


So what exactly are X-rays? Ronteen 
discovered inat they were akin to ultra-violet, 
or U-V rays but smailer and more energetic. 
More to the point, how were they produced? 


¢ rays were the result of cathode ravs 

? siriking:a piece of metal. To begin with, 

> electrons have considerable energy of motion 
? but when they collide with a metal they 
decelerate swifily, losing this moiive energy. 


Energy, of course, is indestructible and so 


i if it is lost or absorbed in 4 procéss, ar area 
: of activin; it must appear in some end 

: produc: of the process, or in another 

: related area of activity In this case, the: 

i electron energy re-appears as radiation. 


Since it was 2a German who discoverec| 


: this phenomenon, and other German 


ohysicists who studied i¢ further — at least 


: initially —- they tecmed it Bresstrablung. or 


‘Deceleration’ radiation. 
ROnigen’s paper astonished and excited 


> scientists everywhere, the majocie: of whom 
: -got hold of Crookes Tubes plus induction 

: coils and repeated the experiments. Since: 

: the-inventor did not pateat his cliscovern, 


cammercial apparatus quickly became 
available and in short order, but ure newly 
discovered radiation was being extensively 


used in medicine, 
: In 2911, the British physicist Chartes 


Barkia had found thac the energy content of 
the rays was depencient on the nature of the 
metal used to stap the electron stream. By 
1923, the American physicist Arthur H, 


Compton had discovered the Eifect called 


aiter him, in which the wavelength of X-ravs 


: increase when these photons collide with 
* efecirons. His discover: demonstrated that 





X-rays had a particulaie nature also. 

It has now long been confirmed that X-rays 
are indeed the electromagnetic radiation 
transmitted when matter is bombarded with 
high speed électrons. Their wavelength is 
shorter than Ultra Violet radiation — ie. less 
than i x 10«m — and they extend to 
indefinitely short wavelengths. However, 
below about 1.x 10um they are frequently 
termed Garima Rays. 


Becquerel’s Contribution 
One scientist who was fascinated by R6ntwen’s 
discovery was the French physicist Antoine- 
Henn Becquere}. Like his father before him, 
Becquerel hac been working with fluorescent 
substances. After R6ntgen's paper and 
photographs had been published Becquerel 
wondered if, in fact, che radiation piven off by 
such substances could inciude X-niys. 

One such substance was potassium uranyl 
sulphate, which both he and his father had 
worked with. In February 1896, Becquerel 
wrapped some photographie film in black 
paper and, with a potassium turany? sulphate 
crystal on top of the small package, placed it 
in direct sunlight. He.reasoned that the 
sunlight would make the crvstai fluoresce, 
and the X-rays produced would penétrate 
the. paper and darken the photographic film. 

On examination. the film was most 
decidediy darkened and so Becquerel 
conchided that fluorescence did indeed 
produce d-rays. ft was at this juncrure, 
however, that nature entered the picture. 
An extended spell of cloudy weather meant 
that Becquerel could not continue with his 
work, despite having a iresh film ail neatiy 
wrapped and with an identical crvstal sitting 
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on top a£ir, lying in a drawer. 

But, Becquere! was an impatient man, and 
chafing at this enforced inactivity he 
decided to develop the film anyway, simply 
to check that his reasoning was on the right 
lines. To his astonishment the film was 
deeply fogged. Quite clearly, the radiation 
passing through the black paper depended 
on neither fucrescence nor sunlight. It was 
a natural, continuous phenomenon, 
spantaneausly emitted. Radioactivity in 
short was a fact of life and Becquerel, 
through his discovery of this photographic 
action of uranigm salts, instigatect the study 
of this new area in science. 

Tn. 1899, Becquerel noticed that some of the 
radiation emanating fom uranium compaund 
could be bent by a-magnet. There were now: 
ovo differenc pypes of rays and the New 
Zealand physicist Emest Rutherford decided 
ro name them Alpha anc Bers rays, alter the 
first nwo ferrers of the Greck alphabet. 


A Woman Takes a hand 


One of che experimeniers who followed up 
Becquere!'s discovery was the Pofish-born | 
French chemist Marie Sklodowska Curie. In 
1897 she used her husband Pierre's 
discovery, piezoelectricity, to measure the 
intensity of the radiation emitted by a 
oumber of uranium compounds with whicn 
she had been working: 

Marie Curie subsequendy showed that 
radiation iniensity was proportianal to the 
amount Of uranium present in che compound. 
In short, the radiation was given off specificatly 
by the uranium atom, and so was atomic in 
nature 25 oppased to molecular. 

-In the following year, Marie Curie proved 
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thar the heavy metal Thorium — discovered 
as long ago as 1828, by che great Swedish 
chemist Jons Bérzelius — also produced 
radiation and she chen coined the expression 
Radioactivity foc.this natural phenomenon. 
Another of her discoveries was that, alchough 
pure uranium compounds were radioactive 
only in so far 25 uranium was present, 2 few 
uranium ores produced fac mare radiation 
than could be accounted for simply by 
uranium’s presence alone. 

There were, she thought, small quantities of 
other far more intensely rachoactive ores 
present in the compounch By July 1898, the 
Curies discovered exacily such an element anc 
called ir Polonium, after Marie’s homeland, By 
December, this husband and wife tam had 
isolated vet another, which they termed 
Radium because of its intense radioacuvirs: 

The radiation gives. off by the umnium 


' ‘compound consisted of alpha, beta and 


gamuna rays, also probably having been 


named as such by Rutherford. Becquerel 


was the first investigator to show chat beta 
rays were the same as cathade rays, in other 
words streams of electrons. By 1900, 


Rutherford had demonstrated that gamma 
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rays were basically the same as X-rays but 
with even shorter wavelengths. 

A few vears later Rutheriord and his 
German student Hans Geiger discovered that 
alpha rays were helium-atoms which had 
been stripped of their electrons. Therefore, 
Becquerel and the Curies’ radioactivity was 
Nol 2 new type of radiation, rather a raciiation 


: spontaneously emitred by atams. 


However, the year 1900 would usher in 
far more than simoly the final century of the 
second millennium AD. Itwould also give us 
the concept of universal radiation. 
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size? With all these buzz words, 
the specification sheers seem 
designed more to confuse than 
to clarify: It's not 2s if all these 
details are largely irrelevant. A 
listening test vill prove that 
there’s 2 vast difference in 


i sound quality bewveen one card 
: and another. 


In this series of two articies, 


we will guide you through the 


sound card jungle. So we will 
look at all the various facis and 
figures you'll find in the 
specification sheets, to help you 
understand what they all mean. 
We will also look at the pros 
and cons of the different 
approaches ro music synthesis 
in order ta help you decide 


: which is appropriate for your 

: needs. But unlike other articles 
: on sound cards found in PC 

: magazines, we'll also take an in- 
: depth ook at how sound cards 
: work, indeed, this will be the 


main emphasis of this first 
article. Finally, we wili look 


: briefiv at associated equipment, 


specifically multi-media speakers 


: and surnound sound systems. 


Instrument 
Characteristics 


Next month, we will present 2 
high level view of the 
soundcard to illustrate the 


Mike Bedford guides you through the sound card 
jungle and helps you understand the various facts 
and figures you'll find in the specification sheets. 


: various tasks it performs, and 
: although we'll see that the 
: synthesis of musical 


i all you need of a sound 

card is something to play 

the jingle as Windows 95 
Starts up and perhaps allow you 
to fisten to the occasional auclio 
CD while you're working. just 
about anything will fir the bill. 
However, if you're serious 
about multi-media tides, about 
games playing or about music 
composition, then you'll be 
rather more critica! about the 
sound cari in your PC, This fs 
when things start to get 
complicated. With a hard disk 
drive, about ali you need to 
know is how large it is, che 
speed is all that differentiates 
one CD-ROM drive from 
another, and the clock speed 
and family fully defines a 
processor. But when it comes 
to sound cards, there seems to 
be just too many variables to 
take into account. Should it use 
FM or wavetable synthesis? How 
many voices, notes polophony, 
- pacts muli-timbral or midi 
channels do you need — and 
what about the waverble ROM 


Figure 1. From top to bottom:- sina wave, cello, trumpet and 
flute, all at middle €, 
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instruments isn’t the only fob a 


: sound card performs, this is 
: almost certainly the mast 


important. It’s also the most 
technicatly challenging. So in 
this article, we wil] take an in- 
depth look at the various 
techniques of synthesising 
instruments. To set the scene, 
though, fer's take a quick Inok 


? at the vacious ways in which our 


ears differentiate one 


: instrument from another. 


The first property which 
characterises an instrument is 
its timbre. in musical terms, this 
is defined as the tonal quality of 
a sound and has also been 
referred to as the tonal colour. 


: In electronic terms, the timbre 
; 4s defined by the waveform of 


the sound, We are all familiar 
with the sine wave and this is 
the most basic wavefonn — it 
can be thought of as a pure 
sound since it contains just 2 
single frequency. With the 
possible exception of ear} 
electronic keyboards, no real 
musical instrument proxiuces a 
sine wave. Instead, they ail 
produce more camplicated 
waveforms which our ears 


Figure 2. 
The six post 
amplitude 
envolope. 
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perceive as more interesting 
sounds, A sine wave is 
contrasted with the waveform 
of a few real musical 
Instruments in the illustration — 
see Figure 1. 

The second property which 
diiters between one instrument 
from another ts its amplitude 
envelope. With many musical 
Instruments, notes dorv’e stast 
and end abrupt: instead, when 
‘a kev is pressed or a string 
plucked, the volume bufics up 
over @ period of time, and 
similarly, the note decays mway 
over a period of lime. The 
waveform which defines the 
vaniation of 2 note’s amplitude 
over time is called the 
‘amplitude envelope’ and, in 
general, it's split up into 6- 
seaments 25 shown in Figure 2. 
The first section is the delay 
between the note being 
initiated on the instrument anc 
the amplitude starting 10 build 
up. For most instruments, this 
delay is zero, although ona 
bagpipe, for example, air has to 
be blown into the bag before 
any noise is generated. The 
second section is the attack — 
the period curing which the 
note builds up to maximum 
amplitucle. Now there is a hofd 
section during which the 
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Figure 4. Bullding up the waveform for a celle by adding sins 
waves. Even after five sine waves, tie result is stilt not 
Identicat to that of a real cello. See Figura 1, 
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amplitude remains canstant. 
Next, in the decay section, the 
amplitude decreases. In the 
following section — the sustain — 
the duration of the note is 
extended by; for exarnple, 
holding down a kes. And finally, 
in the release’ sections, the 
amplitude tails away to zero 
when, for example, the key is 
released. Very few, if any, 
instrumenss exhibit afl the 
sections of the-envelope we 
have just seen. 

A few examples of envelopes 
are shown Figure 3. The first, 
the snare drum, is opical af 


Figure 3. Amplitude 
envelopes, fram isft 
_ to right:- drum, 
organ and plano. 
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percussion instruments. The 
attack is aimost instantancous 
and is followed immediately by 
the release which is also very 
rapid. The pipe organ also has a 
rapid accack and release but ix 
hes a sustain period, the length 
of which can be of anv leneth, 
depending on how long the key 
is kept depressed. However, the 
piano shows the most 
complicated envelope. 
Although still quite rapid, the 
attack now takes place over a 
longer period. A decay section 
follows almost immediately 
reducing the note to about 60% 
of its maximum amplitude. 
Unlike the organ, the sustain 
cannot continue forever, in fact 
you'll notice che amplinide 
continuing 10 decay during this 
period. Anc finally, when the 
kev is released, the amplinide 
drops (0 zero. 

Having seen what we need to 
synthesise, let us now turn our 
attention co the techniques 
which are employed in sound 
cards, Aichough we'll make 
passing reference to the 
amplitude envelane, we'll 
concentrare mainly on the 
methods of synihesising the 
timbre which is, after all, the 
more challenging. 
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Figure 5. As an alternative to a waveform graph, the timbe of an Instrument can be summed up 
hy a spactral plot. Here, the spectral plot of a cello fs shown. 


FIM Synthesis 


AS you are probably aware, 
according to che Fourier 
Theorem, any waveform can be 
tlescribed as the sum of a 
number of sine waves of 
differing frequencies and 
differing amplirudes. We won't 
go into the maths in all its gory 
detail, but a graph should help 
clanfy this. in the series of 
traces of Figure 4, we are 
auempting to creaie the: 
waveform which we hare 
previoush; presented as that of 
the cello. Specifically, we want 
the waveform for the cello 
playing mitidie C so we start off 
with a sine wave at 265Hz — the 
frequency of middie C: In the 
second trace we've acided 
another sine wave at 1855Hz 
and with an amplitude 70% of 
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that of the original sine wave, 
1853Hz is, in fact, seven times 
the frequency of our first sine 
wave — this is called the seventh 
harmonic and is the second 
most important frequency in 
the cello's waveform. in the 
remaining traces, we have 
added the second, fifth and 
fourth harmonics, these being 
the ones with the next-niost 
significant amplitudes. As you 
will notice, we are starting to 
get something clase to the 
waveform previously shown as 
thar of a real céllo. However, in 
order to get sufficiently close 
thar the rwo could not be 
diférentiatee! by ear, it would 
be necessary to add many more 


of the less significant harmonics, 


In passing, you will notice that 
we have been talking abour 
harmenics, More. generally; an 
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instrumient’s waveform is mace 
up by adding so-called partials 
tO the fundamental frequency. 
With many instruments, these 
partials are multiples of che 
fundamental frequency in which 
case the word harmonic is, 
indeed, appropriate. In 
percussion instruments, on the 
other Rand, inharmonic partials 
— frequencies which are nat 
exact multipies of the 
fundamental —are also inyporeant. 

Clearly, the information 
presented so far provides a 
means of smmthesising any 
musical instrument, All that is 
needed is mulniple audio 
oscillators, the frequency and 
amplitude of which cin be 
controlled by the sofiware, In 
practice, this form of additive 
synthesis is not used in sound 
cards since it would be 


Figure 6, By frequency moduling one audio signal with another, a range of harmonics [s ganerated. 
Here we see the fundamental and first five partials generated when the carrier frequency and the 
modulation frequency are the same, Amplitudes are affected by the amount of modulation, 
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expensive in terms of the 
number of oscillators required. 
However, FM synthesis 
performs 2 similar task, albeit in 
i rather different way. 

AS an allemative toa 
waveform plot, the timbre of an 
instoumeni can be depicted as a 
speciral plot, that is, as a graph 
showing the amptinide of the 
fundamenral frequency and 
each of the pantiats. So, for 
example, the spectral plot for a 
céeilo is shown in Figure 5. Since 
we've already looked at how the 
celio’s waveform can be bullk 
up, this should be reasonabiv 
seltexplanatory: As we Start to 
look ar FM synthesis, this will be 
ihe. Most appropriate way to 
think of an instoument's timbre. 
The phrase FM - or frequency 
modulation — is, perhaps, more 
familiar in the sphere af radio 
broadcasting, Here, 2 high radio 
frequency carrier has its 
frequency modulated by the 
audio signal being broacicast. As 
applied to synthesising musical 
instruments, the technique is 
the same except that the nvo 
Stanals are much closer in 
frequency. Now let’s tke 2 look 


: “at what happens when one 
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signal is Requency modulated 
by another. Ifa signal at fc Hz is 
frequency niadelated by a 
signal at fm Hz, the resultanc 
signal will contain frequency 
components-at fc + n fm where 
n can be any integer, The 
amplitude of the components 
depends on the amount af 
modulation, but decreases with 
increasing m.1ou will natice 
that this will result in some 
negative frequencies, but these 
can be consictered as out-of 
phase signals and will simply 
subtract from the amplitude of 
any positive frequencies af the 
same Value. The end result is 2 
rather complicated spectral plor 
like the one shown in Figure 6, 
which is forfc = fo. So, with 
just 2 pair of oscillators, we've 
managed 10 generate a signal 
containing many partials (there 
are far more than the six shown 
in the diagram) — an 
improvement Gver additive 
synthesis. If we add further 
modulators of different 
frequencies, each one 
modulating the output from the 
previous stage as shown in 
Figure 7, we can end up with 2 
very complicated wavefarm. 
Exactly how the frequencies are 
selected to achieve any given 
mix of partials is quire a 
complicated question, but 
suffice it to say, a reasonably 
convincing approximation to 
any instrument's waveform can 
be generated this way 
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Modulator 1 


Modutator 2 


Modulator 3 


output 


Figure 7. By using multiple 

modulators, a more 

complicated pattern of 
partials can be generated. 


Wavetable 
Synthesis 


Wavetable synthesis is much 
simpler than FM synthesis, at 


least irom a conceptual point of 


view: YOu record 2.fraction ofa 
second of each note on each 
instrument to be synthesised, 
store the waveform in a ROM, 
and when that note is required, 
you play back chat sample, 
suitably modified by the 
amplitude envelope, and 
repeated, as necessary, 10 
achieve the required duration, 


Actualh, what I've just described 


is the way it would happen in a 
pertect world. in the real worid, 
[oO save on ROM space, not 
every note is sampled for each 
INStMUMeNL Instead, any 
occasional notes are stored in 
rhe ROM and the missing notes 
aré created by stretching or 
compressing the sampled 
waveform — in other words, by 
playing it back fjaster or slower. 
For example, ifyou play back a 
sample et double the speed, 
vou end up generating a note 
an ociave higher. Ar this stage, 
it’s warthwhile asking why 
manufacturers don’t just store a 
single note for each instrument, 
and scale thar note as necessary 
tO generate every other note. 
We will answer that question by 
resorting to 2 couple of 
illustrations. In the pair of traces 
in Figure & we have taken the 
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waveform for middle C (we will 
call chis C4, Le. the C in the 4th 
octave) on an oboe, and plaved 
it back ava higher speed to 
generate the F an octave anda 
half above middie C (F35). : 
Clearly, the frequency has 
increased but the waveform is 
the same shape. However, now 
take 2 look at the two 
wavefonns of Figure 9..Here we 
see the actual wavefonm for the 


F5 played on the oboe and — for’ 


reference —A#3 100, You will 
notice that the three uaces 
differ in much more than just 
their frequency — the shape of 
the waveforms differ 
significandy and the actual F5 
waveform is quite different 
from that we obrained by 


pW 
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scaling the C4 sample. In 
general, the timbre of an 
instrument does vary 
throughout its frequency range. 
Clearly a compromise has to be 
reached and, in-practice, 
wavetable cards rend to store 
quite a few notes per ocrave. 

In fact, the waveform of an 
instcument also varies with 
many other factors such as the 
toudness of the noie, whether a 
sting is plucked or bowed, and 
many orher subtleties: 
concerned with exacdy how the 
instument is played. 


> Additionally, with many 


instruments, che dmbre will be 
ditferenc during the different 
stages Of the amplinude 
envelope. So, despite the 


possible perception that, by 
definition, waveiable synthesis 
will produce a perfect 
répreseniaion of any 
insoument, this cleany is not 
possible with a modest amounz 
of wavetable ROM 

On most sound cards, the 
wavetable samples are stored in 
ROM on uke card and these 


> samples are manipulated by an 


on-board DSP chip. However, 
there are 2 coupte of variations 
on this theme. The first 
variation concerns 
downloadable samples. Here, 
the sound card bas an area of 
wavetable RAM in addition to 
the mare common ROAM 
Samples can be written to the 
RAM by the hosr PC, thereby 
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Figure §. An attampt at generating ons note on the oboe by compressing the waveform of a 


tower note... 


Figura 9, The 
actual wavefarm 
of the obos varies 
significantly with 
the pitch. 
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ailowing additional instruments 
to be added. This is obviously a 
close parallel to the way soft 
fonts are downloaded to 
printers, indeed the phrase 
‘sound tone’ is often used to 
describe the data which is 
downloaded. The second 
variation is the software 
approach to wavetable 
sviithesis. Now, instead of using 
the dedicated processing 
iacilities on a sound card, all 
the manipulation of the 
samples is carried out by the 
main processor in the PC. 
Therefore, all that is required 
of the sound card is a DAC, 
Cleariy chis reduces the 
hardware cost of the sound 
card, as well as providing a 
more flexible approach in that 
updares can be effected simply 
and quickly, but it does place 
significantly more load on the 
main processor. 


Physical Modelling 
Synthesis 


The third method of synthesis 
we will jook az is cailed 
‘Dhysical modelling’, We won't 
caver this in as much detail as 
FM and wavetable synthesis 
since it’s still quite a new 
rechnique and only found ina 
few of today’s sound cards. 
However, uhis methac of 
synthesis is used extensively in 
top-end stand-alone 
synthésisers and, in ail 
probabilisy, it is something 
which will be much more 
significant in sound cards in 
the near future. Unlike the 
ower methods of synthesis, in 
physical modelling no 
information about waveforms is 
stored, instead, a mathematical 
model of each instrument is 
created. By 2 mathematical 
model, we are referring to 2 set 
of equations which relate 
variables such as the size of thé 
instrument, the air pressure, 
the amount of vibration of a 
siting, or whatever is relevant 
to the instrument in question. 
Now 2 simulation can be 
performed using as its input 
the positions of ingers on 
strings, keys or levers, the 
pressure on the key or the bow 
and se@ forth. The exacz 
waveform which would be 
generated by the actual 
instrument is then catculated 
fom the laws of physics. A 
flight simulator is a good 
analogy to this approach. 
Microsoft Flight Simulator 
doesn’t comain a screen image 
for every possible circumstance 
— this would be akin to the 
wavetable approach of 
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Figure 10. Block diagram of the wavegulde approach te physica] modelling. Here we see a 
simple modal of an electric gultar. 


String Disptacement 


Delay Line 1 


9 > Oulout 


Delay Line 2 


Bridge 


synthesis and would he quité 
impossible. Instead the 
software contains 2 set of mutes. 
which allow the software 10 
calculate what you should sce 
on the instrument panel and 
out of the cockpit window for 
different pilot actions. So it is 
with the physical modelling 
approach to musical synthesis 
— the input consises of 
information such as the 
position of the bow on the 
violin strings, the pressure 
applied and the speed of the 
bow and the software 
calculates exacdy what sor of 
sound would be produced. 
Clearly, the accuracy of this 
approach is dependant on the 
accuracy of the eqnatioris 
which constiture the model 
and this, in ticn, depends on 
how well the physics af each 
instrument és understood, 

The block diagram, Figure 
10, is chat of a very simple 
physical model based on 2 
waveguide. This is for 2 
plucked string and relates to an 
electric guitar. But before we 
look at this diagram, it is 
appropriate ¢o address ihe 
question ‘what is 2 waveguide?’, 
Stringed and wind instruments 
produce travelling waves. 
These are waves which curavel. 
up and down the bore of a 
wind instrument or the string 
of a stringed instrument. In the 
case Of a Stringed instrument, 
the wave will be of string 
displacement whereas ina 
wind instrument it will be air 
pressure. The waves travel in 
both directions and will be 
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reflected when they reach the 
end of the bore or string. The 
physical structure which carries 
these waves is called a waveguide. 
In our exantple, the waveguide 


is simulated using 2 digital delay 
line which is basically an area of 


memory in which values are 
written irom one location to 
the next at regular intervals. 
The number of locations in the 
delay line depends on the 
length of the string. A: che end 
of each delay line, che signal is 
inverted to represent 2 
reflection and injected into the 
start of the other delay line. Ar 
Gne end, a low-pass filer 
simulares the decay of a note. 
So thai’s the model -— to 
prodzce a sound, you simply 
inject a wiangle wave to 
represent the displacement of 
the string, and take the ourput 
from a position on both delay 
lines correspanding to the 
positian of the pickup. 

Even with this simple model, 
We start iO see something of 
the power and flexibility of che 
physical modelling approach. 
To simulate the placing of a 
finger on a fret, the tength of 
the delay lines is adjusted; to 
simulate the positioning of the 
pickup, the paint ar which the 
ourput is taken can be 
adjusted, and 10 simulate the 
position at which the string is 
plucked, the point at which the 
displacement is injected into 
the deiay lines can be adjusted. 
Furthermore, different wavs of 
plucking the string can be 
simulared by altering the shape 
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and amptinide of the inpur 
waveform. All these have an 
affect on the sound produced, 
just like on a real electric guitar. 
Similarly, it is possible to 
simulate pitch bending, or even 
ihe feedback which would 
result if the guitarist was to face 
one of the speakers. By fine 
tuning the parameters af a 
more sophisticated model it 
should be possible to alter the 
model to produce sounds 
representative of a Fender 
‘Stratocaster’ or a Gibson ‘Les 
Paul’, Going one stage.on from 
here. it’s also possible to 
produce the sound which 
corresponds fo 2 non-existent 
instrument. So if you fancy 
playing 2 granite piano ora 
rubber saxophone, physical 
modelling is the way to do it. 


Next Month 


That completes our lnok at 
what poes on behind the 
scenes in synthesising musical 
instruments, Next month, we 
will investigate the pros and 
cons of the various approaches 
co svnthesis. Then, we'll sind 
up our investigation of sound 
cards by looking at what all the 
Seures on thé specification 
sheet mean. This should help 
you to pick a card which is 
suited to your application. We'll 
also take a quick look at 
associated multi-media and 
music-related equipment such 
as speakers. and surround- 
sound decoders, 





In this first part, Douglas Clarkson looks 
at the history of weighing. 


Weighing Through the Ages 


One of the key factors contributing towards 
a global sociery is the adoption of common 
standards. One of the more important of 
these is that of weighing.—a Functicn that 
continues to remain very much ai the core 
of trade and industry. The dependence of 
cammierce on relevant systems of-weighing 
systems is just as significant today 2s in the 
davs of Babyton and Ancient Egypt some 
6000 years ago, when the first wraces of the 
art of weighing can he discerned. For in 
unravelling the analysis of rhis history rhe 
changing face of social and commerciat 
need is also revealed. 

In fret, with possibly an interlude for 
Islamic culture, the degree of precision af 
the scafes developed in Ancient Egypr was 
not improved upon until the fare Middle 
Ages, with the interim phases of Greek and 
Roman civilisation associated with a general 
decline in the accuracy of systems of © 
weighing. However, the medical texts of- : 
ancient Egypt give no imdication of the use 
of weighing for measuring the proportion of 
ingredients, though more precious materials 
such as gold, copper and lapls lazuli were 
weighed. While weights of the Old Kingdom 
of Egypt were chiefly rectangular blocks - 
typically of diorite — later in the New 
Kingdom, truncated cones became more 
popular — with weights in the shane of 
‘cupeakes'. it is difficult 10 gauge the relative 
accuracy of such excessively old weights due 
to the fact that they would have undergone: 
some degree of deterioration. Photo 1 
Hlustrates a collection of weights of Ancient 
Egypt from around 2500 BC, mainly made of 
syenite, 4 prev form of granite. 

The best weights of history were almost 
certainly related to Islamic weights as 
researched by Sir Flinders Petrie who 
reported that Istamic coin weights made 
out of glass in the year 780AD differed from 
each other by no more than a third ofa 
milligram (0.0003g). In Romari times, the 
smallest identified unit of weight was che 
siliqua, which weighed 0.189g, so the 
resolution of weighing accuracy would then 
have been of the order of 6.1g. This 
smallest unit of Roman weight was also 
tdentified with the carob seed of the Carab 
plant (Ceratonia Siliqua}. 


When in 1870,some ‘exact’ weights 


: which had been created in 1707 as copies 

: of the Cologne Mark were weighed, they 

: were fotind to weigh 467.348¢. 467.7372 

: and 468.125¢ —with the greatest difference 
: between them of 0.577g. The accuracy with 
: which weights would have been weighed 

: has varied with different culrures. Scientists 
: in the 18th and 19th century were acutely 

: aware of the inuinsic imporance of the 

: material used to create standard weights. 

? This was especially the case with the - 

= adoption of the kitogramme-mass. The 
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? denser the material, the less correction 


there would be required for estimating the 


i effective vacuum weight (see Static 


Buoyancy). There is a requirement for 


: chemical inertness and also low coefficienc 


of thermal expansion so that any variation 


: Of displaced air-buoyancy correctian is also 
: minimised. At One time there was interest 


in the use of quartz as the standard and 
while some specimens kilogramme samples 
were made, it failed to be-adopred as the 


3 _ standard. While pald is not liable to 


oxidation or corrosion, it is considered roo 


i. soft — and would be prone to handling 


effects. It was decided that the best 
material would be platinum-iridium on 


: account of its superior hardness coupled 
: with high densiss: 


The system of organisation of weights 


appeared co have been widespread 


throuphou: various historical periods — with 
a great wealth of infonmation in particular 


: being available from Roman history The 


excavation of Pompeii in particular has 


: furnished a great wealth of detail of 
weighing systems ~ particulary sieelyards. 


White we take for granted today the use 


> ofa singlé system of weights for measuring 
: almost ail commodities — as indeed was the 
: practice put in place by the Romans — after 


the fall of che Roman Empire it becamé 


: commonplace to arrange to use different 
: weighing stancdarcls for different 


commiextities. This probably had more to 


: do with preserving the vital interests of 
: groups of merchants than the iack af 
? scientific clear headedness. 
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Photo 1. Colloction of New Kingdom welghts of Anctont Egypt. (Courto 
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Weights and Art 


Ic was also the fashion to create weights in 
the form of animals — witness the jion and 
duck of Babylon, the cow of Ancient Egypt 
‘and the goat of Roman Pompeii. The 
counterpoises of the steélyards of Pompeii in 
the form of cast heads were tvpicalty of the 
fernale deities Juno and Artemis — with Juno 
identified with the Female attributes of the 
state — including money—and Artemis the 


goddess of the hunt. The sculptural interclicts 


of Islam and Jewish culture rescricted the 
represenimtion of animal forms and shapes 
into such objects —so weights fom these 
cultures are generally unadomed. 


Weighing and Coinage 
Particular attention nas been paid 
throughout history to the correct weight of: 
metal used for coinage. Thus in Roman 
times. 50 called ‘exogia’, or coin weights, 
were officially checked and distribured 
throughout the empire in order to regulate 
coinage, In ancient Greece and Rome, 
standard weights were kepi within the 
sanctuary of temples. In AD307 the 
Emperor Constantine the Great defined the 
weisht of the gold solidus as 1/72 of a 
Roman pound or 4.44 grammes. It was a 
continual feature of the Roman civilisation, 
howeves, 10 continue to devalue the value 
of metal in the coinage. 

Ai vatious times aroughour histor, the 
authorities have been keen to prevent the 
weighing of coins which would have allowed 
individuals ro identify overweight coins in 
circulation with 2 view to removing the 


excess metal. The milling round the:edges of 


higher value coins in cisculation today is 
evidence of previous aempts to discourage 
their ‘clipping’. We see the Emperor Julian in 
AD363 secking to restrict the use of accurate 
scales, and again restrictions put on their use 
in the Germany of the middie ages. 

Todav's high technology banking system is 
a far cry from the more chaotic scene of the 
marketplace of the middle ages. While we are 
always shawm in films of the period people 
testing the softness of the coin by biting it, 
the asuté merchant would weigh coinage 
using special balances. In Europe they were 
once in widespread use where a whole range 
of high value go!d coins were in circuistion — 
issued by counties, principalities and city 
states. It must have been the case that there 
would always have been a brisk trade for the 
money changers — exchanging Venetian 
ducats for marks of Cologne. 


Pre-Metric British Weights 
Three principal pre-metric weighing systems 
had a wide utilisation prior to metrication — 
a process which Is still to see the Binal 
demise of the pound in the United 
Kingdom. The Troy weight system used the 
system of units'as outlined in table 1, 


24 Troy Erairis 1 pennyaeight 


20 pennywelghts = 1 Troy ounce. {480 gre!ns}. 
= 1 Troy pound (5760 grains) 


32 Troy eunces 


Table 1. Relationships of the Troy. 
wolght system. | 


GED ELECTRONICS AND BEYOND June 1998 


SELES Geet eeege 


PPELidteenedie 


#has@4Ztitethad 


+be et eeaeg pees 


Sribathob dash eer nde Panbee 


besethredéeehasse 





Phate 2.'A' range: of \ 
Wedgewood: pottery, weights. 
(courtesy Avery Berkel 
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There is some conjecture about the origin 
of the name Trov. The most widely accepted 
origin is probably chav it originazed in the 
town of Troyes in France, which in the 
rwelith century was a major European 
centre for trade and commerce. 


Ascmpe 
= i drathm 
“1 ource 
Vth (5760 eraing} 


20, Erains (icy) 
3 scruples 
‘8 drachms 

12 gurses 


‘Table 2. Refatlonships 
of Apothecaries’ welght. 





This system of weights was used for the 
welghing of preciaus metals such as gold. 
The Apothecaries’ Weight, outlined in table 
2, utilises the same number of total fine 


: divisions (5760) but with a different set of 


intermectiate units. 

The use of Apothecaries weights was legal 
in Britain until Ist January 1971. The Troy 
pound is identified as being equal 10 373.242 
grammes, and the ‘Troy ounce 31.104 gin 
the meiric system. The grain is identified 
with the typical weight of a grain of barley. 

The Avodirdupois weight system is 


16 drams” 
16 ounces 
14 Ib 

2 stones 
4 quanes 
20 cut 


4 ounce (437.5 gains) 

4 tb (7000 Troy gains) 

L stone . 

4 quéner 

4. hundiredyetent (4122 Ib} 
1 ton {2240 fh} 


— 
— 
— 
——— 
a 
a 
— 
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Table 3. Rafatlonchips of tmperia! 
{Avolrdupols) welght. 
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summarised in table 3 and reflects the pre- 
meirication definitions in use in she UK. 

This system is thought to have come mo 
being around ithe rule of Edward I, circa 
1300, in order to harmonise trade in woo! 
into Europe, and in which the Avuirdupois 
lip is almost identicai to the weight of 16 
Florentine ounces. There are, however, 2 
number of theories as to the origin of this 
weighing system. There is also great 
similarity to local British varieties of the 
Roman pound of 12 ounces, where the value 
of the Roman ounce is very close to that of 
the Avoirdupois ounce. There mauers are 
expertly deseched, however, in Conner's 
scholarly work ‘The weights and measures 
of Engtand’, The use of 16 ounces seems 6 
have been chosen as some more easily’ 
handled system for determining weights. 
The Avoirdupois pound weighs 453.592 and 
the corresponding ounce 28.3494¢. 

One of the great problems of the 
Flivahethan age was to appreciate that the 
Troy ounce (489 grains) was not the same as 
the Avoirdupos ounce (437.5 grains), 

Photo ? shows a range of pottery weights 
made by Wedgewood tor W & T. Avery. 
However, these weights were banned in 
1907 on account of the practice of steeping 


: them in water to make them heavier, or 


healing uien in an oven 1o make them 
lighter. They were also prone to chipping 
through everyday use. The weighing of 
commodities had to cope: with a large range 
ofirems. The use of stone weights was quite 
common for weighing commodities such as 
erain. A selection of such stone weighs is 
shown in photo 3. 





The Legacy of Rome 
The definition of the weighing system of 
Rome is Outlined in cable 4. 


1 bore 

22 uncise 

48 sicifie 

‘96 drachmae. 
223 scriputs 
576 obo 


12 unclae (ounces) 
a8 sicilici 

96 drachmae 

288 scripts 

576 chol | 

1728 sitiquee 


Bow a it 


Table 4, Relationship of Roman waights. 


Before the process of metrication in 
Europe, numerous focal weighing systems 
made use of various units of subdivision — in 
particular the value of 1728. Present estimations 
are that the Roman pound weighed 327.6¢ 
and with the Roman ounce weighing 27.3 
ounces. Table 5 summiarises the units of 
Roman, Troy and Avoirdupois (Imperial) 
systems with reference to the metric system. 
The Roman ounce is ¢pproximately some 
4% lighter chan the Avoirdupois ounce of 
the Imperial British system. 


The Mark of Cologne 


Ata time of consideration of a common 
currency tor Europe, it is perhaps prudent to 
glean something of the history of the Mark 
of Cologne, which was from at least the 12th 
century undul thé middle af the 19th century 
the standard unit of weight of Germany and 
@ wile range of other European countries. 
There was also a directly held relationship 
berveen the weight of the Mark of Cologne 
antl various issues Of gold coin in circulation 
within Europe. 





The dominance of the German mark at 
present in the European currency scene is 
perhaps explained by the lone historical 
period of mutual interaction associated with 
this unit of weigh: and dépendent coinage. 
Various cites within Germany continued ro 
issue their own standard of weiehts during 
this petiod — as if to wy and control their 
own trading status. Estimates indicate that 
two Marks of Cologne equalled one pfund 
(pound) of 467.62¢ which.is some 3% 
heavier than che British Imperial pounced. 


The Legacy of Egypt 


The. vast amount of archeological interest in 
ihe culture of Ancient Egypt has fed to 
various theories of the origin of systems of 
weights, One theary would indicate that the 
Feyptian talenc weight is considéred to have 
been defined as the weight of water in a 
volume of side of one Roval Egyptian foot or 
13.76 inches. This is itself divided into 3000 
shekels where each shekel weighs around 
4,232 or very close to half of an Avoirdupois 
ounce. Could it have been the case that 
there was a great deal of scholarly activity to 
show that.the British Iniperial system of 
weights could be traced directly back to the 
systems of measurement of Ancient Egypt, 
and in doing so slow the pace for change 
iowards metication? 

Also, the more.common unit of Egyptian 
measurement the cubit equal to 8.24 inches 
could have been derived as 1/4000 of the 
ciistance of one minute of arc atone the 
earth's circumference — the meridian mile. 
It is noteworthy that &. D. Connar in his 
reference work does fot get involved in 
these questions. 


Pound Unit: 
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The Kilogramme 
Standard 


The kilogranime standard is essentially 
derived inom the definition of che mere 
which was originally defined as one part in 
10,000,000 of the quarter circumference of 
the earth, Between 1792 and 1798 the 
angular arc between Dunkirk and Barcelona 
of 9 clegrees 4G minutes 45 arc seconds was 
measured as 551,584.72 toise — the 
pre-metrication unit of France. The total 
distance corresponding to 90 degrees of arc 
was computed and this in turn was used to 
define the metre. The first metre made to 
this definition was deposited in the Nationa! 
Archives on 22nd june 1799, The die as it 
were had been cast and the standard 
existed. Although the accuracy of the initial 
survey had been undercaken with utmost 
skill, the actual metre was about 0,2 mm 
short of its true initial definition. 

The Getinition of the kilogramme was 
then taken as the mass of 1000 cubic 
centimetres af water at its highest density at 
4°C. Careful measuremenis were made of 
changes in weight of displaced water using 
Archimédes principle and a value of the 
kilogrammme was made with reference co 
previous French standartis —18827.15 grains 
of the old system. The first kilogramme 
weights were made from platinum in 1796 
and became legal in 1799 in France, The 
interlude of the aftermath of the French 
revolution and the onset of the Napoleonic 
wars distracted Europe from taking up ihe 
new standard for some time. In rhe 1870's, 
when it came to producing a wide range of 
standards of metre and kilocramme in 
platinum-iridium, the. British fim of 


Photo 3. A 
selectian of stone 
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‘Avery Berkel) 
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Ounce 
(metric) 


27.38 ° 
31104 g: 64.8 mz 
28.3494 - 


Graln. 
(metric) 


Tabis 5: Comparison of Roman and pre-metric UK weight measures expresacd In 
metric units. 
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a) Primative cord pivot, 
dlametra! hofe. 


@) Mediaaval hook-end plot. 


an 


BF} 


h) Alodem swan-neck 
48th bt Goniurtes. 


& Early swan-neck pivot. 


ay 


h} fs at all ey onental 


AF E® 


c} ene E, men lotus-ended 


2m co 


Ft 





f) Renalssance yp 
trumpet: ance! bp 


German swan-neck 
p clrea 1850-1890. Piet 


m) Modem brass and 
After Sharkeys’ Patent of 1857. 


Figure 1, Destgn of the lotus end of a beam of Anclent E¢ynt In the context of a 
range of systems used at varlous periods of history. (Courtesy Avary Berkel) 


Johnson Marthey & Co, was comumissianed 
tO fabricate the standards aftec a previous 
attempt in France had failed to produce 
ingats of the required quality: 


The Balances of Egypt 


it is assumed that one of the most direct 
means of appreciating the weight of objects 
would have been via the voke with equa! 
masses suspended over the shoulders. 
Around 4000RC the balances used in Egypt 
were straight pieces of wood or stone with 2 
suspension cord passing through a hole . 
midiway between the two ends. Separate 
load bearing cords were then fiued through 
holes at the appropriate ends of the yoke. A 


Figure 2. Typical 
figurative use of 
scales of Ancient 
Egypt used In 
weighing the heart 

of an Individual 
against the welght of 


a feather. (Courtesy 
Avary Berkel) 
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i significant improvement in accuracy was 
: achfeved by bringing the cords out af the 


ends of the beam. The advanced 


development in Egypt of this design was 
: achieved with the use of the ‘lorus end 


beam’ as indicated in figure 1, which 


i shows‘also a range of pivot systems used 
; for balances. 


Photo + indicates 4 set of. such 


: reconstructed scales‘on show in the Avery 


Historical museum in Birmingham. The 


vertical support coluatn of the balance does 
: not directly support the balancing arm 
: whose cord support is offset slightly from 


this central support. The earlier method of 


simply attaching cords to support the pans 


through vertical cords would have resulted 


: in inaécuracies‘as the card holes became 
: enlarged through use. 


Figure 2, an extract from the papyrus af 
Hunefor of 1350 BC, shows a figurative use 


: of sales used in weighing the heart of an 

: individual against the weight of a feather. 

: The process of weighing is being overseen 

: by Anubis with Thoth the scribe of the gods 


making note of the proceedings. If the 


weight is found wanting, the soul of the 


individua! wili be thrown to the beast Amemic 


. The Steelyard 

! The steelyard is considered to have been 

: invented by the Ramians around 200 BC. 

: Although not as accurate 25 the balance for 
: weighing precious items such as gold, 

; Spices and precious gems, the stéelyard's 

: chief advantage was that relatively large 
objects could be weighed without thé need 
: for balancing weights of equal value. 


The principte of the steelyard is shown in 


! figure 3. With a mass suspended az B, the 

: unit is held at Aand mass C moved along 

> the scale arm until a point of balance is 

; attained, For a ratio at balance of x:v of 1:20, 
; a 0.5Kg moving weight could be used to 

: weigh up to LOKe. Thus a merchaat 

: travelling to marker would not be required! 

: bo carry up to 10Kg of balance weights to be 
: used with a balance system. 


Photo 5 indicates 2 Thomas Beech 


: steelyard of around 1785. It was also 

? comumeon for such steelyards to be able to be 
: used with at least two ranges, by having two 
: suspension points. The orie with the shorter 
: distance x would be used for weighing 

: heavier objects. 


The steelyard can be considered as a 


: device favoured in commerce, while the 

: balance remains in favour for more exact 

: Weighing applications, The steelvard, 

: however, is more prone to faise readings 

:; due to interference with either the scale or 
: the balance weight. A more primitive 

: version of this device is the so cailed bismar 
: in which a position of simple balance is 

: determined berween an unknown mass and 
: a fixed position weight by varying the 

: relative point of suspension. This unit is 

* considered to date from around 400 BC. 





Photo 4 Set of reconstrscted 
‘optus end’ Egyptian balances. 
(courtesy Avery Berkel) 


- ia — Se we > —— = 


Self Indicating Scales 
Around 1519, Leonardo Da Vinci is credited 
with designing the first self indicating scale. 
However, its potential as a weighing device 
was not developed until some 300 years 
later. Photo 6 shows a working model fom 
the Avery historical museum. When a mass 
is placed on che measuring pan this is 
balanced with the moments of thé fifting of. 
the centre of mass of the flat surface of the 
indicating dial. The penduium is used ta 
indicate the position on the scale 
appropriate to the mass beinp weighed. Ar 
small angles the scale of angular deflection 
as a function of mass is reasonably linear, 
with the tan of the anele of deflection being 
proportional to the ratio of the mass being 
weighed to that of the moving dial unit. 


The Roberval 
‘Static Enigma’ 


tn 1669 Gills Personne de Roberval 
produced in the form of his ‘static enigma’ a 
puzzle which was to keep the best minds of 
Europe guessing for 100 years. The experts 
say thay it can be appreciated today by any 
student of basic sclence conversant with the 
interaction of forces. The suspension paint 
under the top centre is a balancing edge 
and other points are free pivors. 

It the structure is maintained as a 
parailelogram with strictly vertical sides then 
no matter where the equal masses are 
positioned an the arms, the balance of the 
structure will be maintained. While the 
‘Static Enigma‘ was widely known within 
scientific circles, it was in fact an ideal 


means of creating a top Jevel balance 
instead of balancing two masses about a 


central pivot point. From about 1800 this 


principle of top loading was to become 
widely used, especially in the market for 
shop scales. 

Photo 7 shows a working mode} of this 
device from the Avery historical museunt. 


Improving Traditional 
Balances 


Inventors in the 16th and 17th century’ 
utilised knife edges to achieve greater tevels 


A 
Suspension 
point 


of accuracy in balances as indicated in figure 
4,A central pivot pointing downwards is 
balanced by pans suspended on knife edges 
pointing upwards. Agate became adonted as 
2 hard wearing material from which to 
construc: the knife edges. 

Mechanisms were introduced which would 
lift the beam clear of the knife edges when 
the balance was nor in use and chus prevent 
the knife edges fram broadening. In this way, 
balances were made to perform better and 
were now more sensitive, This wis especially 
important for a wide range of developments 
that were taking place in science, especially 
within the held of chemistry. 


bafancing 
mass 


Figure 3. Typical design of single range steatyard. 
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accuracy allowed by this mechod, of around 
one pound per ton, remained until well into 
the. 20th century: 

The introduction, for example, of tie 
Unified Postal Act of 1840 created almost 
overnight 2 demand for scales to weigh 
letters. In the period before 1915, a four 
ounce feier could be mailed for one ofd 
penny and scales were variously marked in 
penny intervals, As rates of charge varied — 
éver upwards — the desien of scales was 
modified accordingly Photo 8 indicares 2 
range of postal scales. 

In effect, it was largely the Industrial 
Revolution that gave rise to the great demand 
for a broad range of weighing systems as all 
manner of commodities were transported 
around the country and expioned. 


biitde 


Spring Balance 

The technique of the simple spring balance 
dates back to around 1770, with initia! 
designs relating to a simple vertical 
extension of a spring arm with gradation on 


Photo 5. Thomas Beech steelyard ‘of around 1785." Nole'the choice of suspension : the central bar which siicdes in and out of 
poles: to' o Brose. a choice of weighing ranges. (courtesy AVery:Berkel) : the housing. 





Weighing Necessity 

in many ways, within historic times, the 
development of a certain feature of 
weighing technology has centred around an 
event in social and economic structures. 
Tre Turnpike Ace of 1741, with its 
establishment of tolls on roads rated 
according to the weight of the vehicle and 
load, created an immediate need for 
systems for weighing vehicles at the 
roadside. The initiai response was to 
construct massive steelyards whereby the 
vehicle was required to be lifted off the road 
io determine its weight —no doubt a time 
consuming procedure! 

Considerable effort was subsequently 
directed towards developing platform scales 
or weigh bridges, which would operate by 
merely placing the abject to be weighed on 
the weighing platform. A so cailed 
compound lever system was developed by 
John Wyatt, a Birmingham mechanic, in 
which the foad was suspended on 2 level a 6 Photo’6. Working: modet of 
system. This allowed proportional weights : self indicating scalé'designed 
of significandy smaller value to be used to Sgaeerne ae vie 
tletennine the condition of balance. The F — 
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A variation of this technique was used in 
the elliptical spring balance where the load 
was made to deform 2 retaining spring in a 
housing — in some way like drawing back the 
string of a bow under tension. Photo 9 shows 
the inner workings of this pype of device. 
The vertical motion was in corn translated 
through a rack and pittion drive io the 
rotational modon of a pointer with an 
indicating face. Such a method found 
: widespread application as a means of weighing 
> goods and fugeage ar railway stations. 

: The weighing with anv degree of accuracy 
; €continued to require the use of the 

i conventional balance with agate pivots. The 
development of the substitution balance 
around the 1950's and 1960's led to the 
speed up of weighing procedures. In this 


ehalete 
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method, only one pan —that with the 
sample — was visible to the operator. 
Balancing weights were automatically added 
or removed from the ‘hidden’ pan in 
response to che Gperator turning 2 
rotational knob which showed the added 
countemvcight. This method allowed 
measurements to be made more rapidly, 
and took conventional weighing technology 
~ involving direct comparison of masses — 
effectively to its most highiy developed 
form. From this pointe electronic technology 
has successively taken over, but more sbout 
this next month. 


Figure 4. 
Frinctple of 
knife egde 
balaness, 

The matin plvot 
which supports 
the arms is 
pointing 
downwards 
while the 
pivots 
supporting 
the pans are 
polating 
upwards. 











AT YOUR MAPLIN CATALOGUE STORE: § 
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Crewet Alsager Faculty 


PIC MICROCONTROLLERS 


Beginners Course on 16C84. One day course. Fee: £125, 
includes lunch, 16C84 chip and Development Board plus 
software. 


Advanced Course on 16C84 and 16C71. One day course 
including look-up tables, long delays, keypads, 7 segment 
displays and A-D conversion. Fee: £125 includes lunch and 
i oe reprogrammabie Microcontroller chip, with 4 channel 


Complete Teach Yourself Package including PSU, Switch 
Input Board, Keypad Board, Development Board, 7 
Segment Display Board and Buzzer, LED Output Board, 
Analog Development Board and 115 page course. book, 
plus software. Fee: £145 + £6 p+p + VAT. 


Four-day Course - Understanding Microcontrollers 
Course Fee: £395, includes lunches and the complete teach 
yourself package. Accommoadation available. 


For dates and further details contact Dave Smith, 
Crewet+Alsager Faculty, 

The Manchester Metropolitan University, 
Hassall Road, Alsager, Stoke-on-Trent, ST7 2HL 
Tek: 0161 247 5437 Fax: 0161 247 6377 
E-mail D.W.Smith@MMU.AC.UK 
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Design & development by Neil Johnson, 
Cambridge Consultants Ltd 


This IBUS expansion module equips 
your computer with an 8-bit 
resolution voltage source, for use 
in a wide range of instruments, 

experiments and projects. 


It is the las: module in the IBUS 
series, Complementing fast 
month's analogue input 
module; The list of modules 
includes a géne¢ral-purpose *, 
digital YO module (issue 122), 
an opto-isolated input module 
(issue 123), a relay output 
module (issue 124) and last 
month’s analopue input modute 
(issue 125), Completing the ser 
is the IBUS-t0-PC Parallel Port 
Adaptor (issue 119), all to be 
found in back issues of 
Electronics and Beyond — 

The Maplin Magazine. 


Circuit Description 


The circuit for this module, 
Figure i, consiscs of three main 
blocks: address decoder, cigital- 
to-analopue converter {DAC}, 
and power supply: All three _ 
blocks work together fo 
produce an output voltage 


proportional to the digital value- 


sent ia the module. 

Starting with the address 
tlecoder, trop left, che connection 
ro the FBUS is made through 
connector JP1, a 34-way IDC 
connector, The eight address 
lines, AD to AZ, are fed into one 
halt of magnitude comparator 
IC1. Switch SW and pull-up 
resistor pack RPI ser the 
specific board address, which is 
connected to the second half of 
IC1. When the IBUS address 
matches the board address the 
ourpur pin, pin 19, goes.low 
turning on the DAC, IC4. 

The remaining [BUS signals — 


: éight dara bits 


D0 to D7, and 
the write strabe WR — feed 


directly into the DAC. the 
: second main block shown in 
; the centre of Figure 1. This 


project uses a modem 8-bit 


: mrultipiving DAC, the AD7524. Ir 
: accepts an S-bir digital value 

: and produces an output current 
: proportional! to the product of = : 


the digital value and the 


: reference voltage Vref (pin 15). 


For this circuit, the output 


voltage is given by the following 


GP ELECTRONICS AND BEYOND June 1998 


relationship: 
Vout = (VN X Vref) / 256 
where N is the digital vaiue 


7 written into the DAC, in the 


range 0 to 255. 

The output current §5 
_ some to a voltage by a 
- current-controlied voltage 
source based on 1C3, 2 low- 
noise FET-input op-amp. The 
feedback resistor is provided as 
part of the DAC silicon circuit, 
ensuring excellent matching 
beiveen the DAC's internal 
resistor network and. the 
extemal op-amp cireit. 
Capaciior C8 pravicdes 2 
measure of loop gain stabilin: 
For accurate opemtion, trimmer 
VR1 is used to acljust.any offseis 
in IC4 (more on this hater in 
Testing). The output voltage is 
then presented to the outside 
world through connection 
oint TP3. 

The reference voltage for the 


: DAC is generated by precision 


reference D3 and resistar R2, 
The reference diode is actually 
a complete shuni-regulated 


3 voltage reference circuit in a 


cvOo-pin package. The resistor 
provides a loati for the 
regulator, which maintains a 
temperature-stable 2.50V 
beoween its mvo terminals. Due 
tO the inverting characteristic of 
1C3 a negative reference voltage 
is. required for a positive output 
range, With one end of R2 ded 
to -12V the Vref input to the 
DAC is held at -2.50V. 

The third and final section of 
this circuit is the power suppis: 
This is based an a three- 


> terminal voltage reguiaror, 1C2. 
: Kt takes an input voltage in the 


range /V to 35¥ and reguiates 
this down to a stable 5V suitable. 


: for the digital parss of thig 


project. The supply input is 


i protected against reverse 

: voltages by diode D1, and 

: smoothed by capacitors C3 and 
: C7. The second diode, D2, 

; protects IC2 from its output 

2 volrage exceeding its input 

? voltage (this is possible if more 
? than one expansion modules 

? are connected ro the IBUS). 


Power indication is provided by 
LED] and R1, while the 


: remaining capacitors are for 
= local supply rail decoupling. 


Two separate supply systems 


: are used in this project. The 

? digital circuitry has its own on- 
: board regulator, as already 

: discussed. The second supply is 
: for the analogue Ciecuitry, and 

: needs to be 2 smooth £2V For 
: a low-cost system the digital 

; Supply can De connected to the 
: positive analogue supply rail. 


: Construction 

: The PCB overlay is shown in 

: Figuce 2. As always, all 

; COMPpoanents are mounted on 


the PCB, with all connections 
hrought aut ta the edges of the 


 boand. Stan with the PCB:pins 
: for the power and ourput 

: connections. A slight tap with a 
small hanimer should be 

: sufficient to push them firmly 

: into place. Coniinue witht the 


three wire links, resistors, smail 


: capacitors and the diodes Di 
> and D2. 





(BUS PORT 


POWER SUPPLY 


The reference diode, D3, is 
supplied in a three-legged E-line 
package. This circuit needs » 
connection to only nwo of these 
legs, and the third teg can be. 
removed (see Fimure 3). 
Continue with the remaining 
components, except for IC1, 

IC3 and IC4. 

At this stage apply power 16° 
the board and check the voltage 
levels using 2 multimeter. Pin 3 
of IC2 should be at +5¥ The 
anode of D3 should be at -2.50V 
Pad 7 of IC3 should be ar +12¥, 


Figura 2. 


PCB ovarlay 
and component 
overhay. 


Side.S rav.A-22/02/99 


ADDRESS DECODER 


3 rover 


: and pad 4 should be at -12\0 


Finally, check IC4 (pad i4 ac 
+S, pad 15 ai -2.50V). 
Disconnect the supplies and fit 


i the remaining Componenis. 


Testing — 

So, for the last time in this 
series, pive the board a 
thorough visual inspection for 
any solder blobs or splashes 
Derween tracks or pins. This 
check'is particularly important 


* for this project where there is a 





T8US BAO , 


mix of digital and analogue 
electronics working at different 
Supply voltages. 

With the board visually clean, 
apply power ro both halves of 
the board and repeat the 
voltage tests carried out during 
construction. Ar this stage the 


: Qutpur voirage could be any 
: value bemveen -2V and +5V 


depending on the state of the 


DAC and the offset trim of IC3., 


Hovever, it should nat be 
anywhere near éither of the 
analogue supply rails, indicating 


+12U 


IBUS CONNECTOR 


. 
* 
* 


Pa 
| | attatess our 


re 


GU ANALOG GUD 


Figure 1. Circuk diagram. 





Figure 3, 
D3 pin 
detalts. 





: Saturation of IC3. if ic is, switch 


aif and investigate. 

Further testing and setting up 
requires the use of our old friend 
the IBUS test program (Figure 4), 


Set all of SW’L to the ON" 


“12 SHO 


AXALOGUE OUTPUT 
ANALOGUE GROUND ” 
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position. Then connect rhe 
boand to the IBUS Parallet Port 
Adaptor, which should also be 
connected to your PC's printer 
port, and start the test program. 

Enter the IBUS address “00° 
into the Address box and a 
value @f G0" into the Write box: 
This has now written a value of 
zero into the DAC. Connect a 
multimeter-co the output of the 
board and measure the voltage: 
Then use a small screwdriver 
of trim tol to adjust VRI for 
an autpur of exactly 0.00 volts. 
Finaih, enter the value ‘FF’ into 
the Write box and check that 
the ourput voltage is 2.49V. 


Application 

In its basic form this module is 
a computer-controlled low 
current voltage source. 
Wherever you use a voltage ro 
control something, this module 
can automate that system, Here 
are three example applications 
for this versatile module. As 
always, these are oniv ideas 
suggested by the author, there 
are many more possible 
applications of this module. 

The first idea is for a 
computer-contrailed power 
suppiy (Figure 53). In this 
application the 8-bit analogue 
output module (840), shown 
in the diagram, penerates 2 
reference voltage for thé error 
amplifier. The voltage divider 
connected across the ouiput 
sets the scale and resolution of 
che power supph; with the 
error aniplifier driving che 
PASS -{arisis(or. 

The second idea uses several 
modules to control an 
analogue music synthesizer, the 
predecessor to today’s modem 
digital synthesizer and now 
regaining popularity among 
electronic musicians. For the 
example shown (Figure 5b) 
three nodules are required to 
control the frequency of the 
VCO (Woltage-conirolled 
oscillator), the cut-off 


hex 


Figure 4,- 
JBUS test 
profram. 


Write 


‘Binary [bits] ae 
a7 me (3s £4 (33 2 wieo | 
i i | 


a - Power Supply 


» Waveform 


c - Arbitrary Waveionn Generator 


Figure 5. Exampte applications. 


frequency of the VCF (voltage- 
comrolled filter) and the gain 
of che VCA (voitzee-controlled 
amptifier}. Fhe conrrol 
program for this synthesizer 
would include a number of 
envelope generators and 
modulation sources and, if 


PROJECT PARTS LIST 
RESISTORS - all 5% O.25watt unless stated 


R11’ 330R 

R2 Bk2 (see text} 
VRL 40K muititum preset 
RPL. 


CAPACITORS 
Ci-6. 100n ceramic 


AKT B-way SIL resistor pack 


C7: 1,000uF 25¥ radial electrotytic 


cs 1OpF ceramic — 


SEMICONDUCTORS 

T4LS688 
LM7805 

TLO?1 - 

ADT524 

AN4001 

REF-252 {see text} 
5mm red LED 
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: your computer has 4 MIDI 
: interface, could even respond 


to MIDi commands. 
The Sral application idea sill 
be useful to those experimenting 


: with Jow frequency (up to several 


hundred Hertz} circuits. Quite 


i often a special, or arbitrary: 


MISCELLANEOUS 


JPL SV IDC ight-angled PCB header, 


Swi BA DIP switch: 


OPTIONAL 


: Waveionn is required as a 


stimulus 10 a ciscuit. Using this 
module and appropriate software 
you could ‘draw the required 


waveshape on the computer 


: screen with 2 fight-pen or mause, 


and then play this waveform 
through to the ourour module. 


? and inio your circuit. 


The author has experienced 
such 4 system which was used 
for simulating the environment 


: ofan aeroplane. A recording 


was made of the vibration in 
the cockpit, which was then 
digitized and stored in a 
computer, Then, during 


: development of new 


equipment, it could be tested 
for mechanical durahility by 
being bolted onto a vibrator—a 
big loudspeaker cail and 
magnet two feet in diameter — 
and continuously replaying the 
cockpit noise into the vibrator 
causing the work surface to 
vibrate, 50 simulating the 
intended operating 


environment. At the time it all 
; Seemed very Heath Robinson! 


Parting is such 


_ sweet sorrow... 


This is the las: module in the 
IBUS PC interfacing series: Next 
month we will look back at the 
complete series of madules, 
and Jook at a number of 
examples using these maclules, 


: together with some hints and 
: Ups On using the ]BUS in your 


own projects. I hope vou have 
enjoyed this series, and get as 
much out of building and using 
theni as i have had in designing 
and describing them. | wish 
YOU Peat success IN VOUT 
future interfacing advencures. 


The author would like to 
express his thanks to 
Cambridge Consultants Lic, 
Cambridge, for their continued 
help in providing development 
facilities for this project. 
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IC sockets, PCB, solder, wire, 7 x PCB-pins 


The software accompaiming this project, supplied on 3 3.5in. disk, 
and a set of foil pattem transparencies (tO originals) are available 

from the author at the address below. The disk costs £10 end the 
folls cost £5. A pre-programmed CPLD jor the Parallel Port Adaptor is 

still aveilable. priced at £15. Postage is £2.50 for the UK, £5 for 
everwhere else. Please send your order, with cheque cr postal order 

payabie to ‘Neil Johnson’, to: 
Net Johnson, IBUS Module, 2 Chapel Fed, 
Dixter Road, NORTHIAM, East Sussex, 7N31 GPO, UK. 
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vaur Opportunity to Save LELe’s 


This offer also appties to all. academic institutions - 
minimum ondér two systems 
Now a proven piece of software; with over 10,000. 
single. seat usets throughout the world, EDwin NC 
has'‘come of age. 


This non-commercial verslon of our popular Edwin package hes 
proven really popular with Academic Institutions: Students. 
and Enthusiasts alike. 


The package Is currently on Version 3.52 and is updated ona regular 
basis, updates cost only £35.00 + pip, and this price fs expected to 
‘hold for at least anolher 12 months. 


Why not fein the growing band of Edwin ussrs, and be the owner. Bieciin; PD F . with'a totat of 64,000 trace <-ements. 
of a CAD software package that we belisva has no eqia! in this onic For ANSI/TEC libraries 

price range. Software support is olfered free by phone, fax and e-mall, Windows Non Commercial. Fall Garber: NCD, pick end plave output 
and if we cannal help personally, we wiil try io ostan answer direct fram 

the soltware writers, ‘ Schematic Capture 

, Dp to 100 schematic sheets. 

‘Edwin fs the first true Seamlessly Up to 6+" x 64" sheet Size 

integrated Windows Electonics CAD Iidhiziry Stand 3rd Sheet izes. 

package on ihe market, you choose Rotate, scale and mirror symbols. 


whether you wish to work [n ‘Layo ut or 


Schematic, wheteyer action is taken'In Automatic peckaee and pin essigument. 


githar platform is automatically talayed Orthogonal end free mods mania] routing. 
fo the othar, FORGET front and back 4 Automatic bas annotation. 


‘annotation, this Is a thing of the past. Block’ save, toad, ave and delete. 


ok. — ‘ j Tale tc i VF iia Direct cecess to mixed mode simatation. 
Edwin also has extensive Gerber file - = i £ J | A. OO = Auwrouting of connections.” 
Manipulaticn, and ihe eabliity to automatically sibel U Shere | y Merging and splitting of nets possibility. 
create spill voitaga planes and edil samt cao eis datas O'S Befinzble line width, also for bus-tines. 
airgaps in copper, Full library edit nies, EDWoNC ite Schmutcs, fae bab Swe of compenent positions. 
features give you the épportunity te, ie a ae if gape axteme ig ee F | pe Fe dhe eby sw apping-. 
create your own working libraries. PB Mit. LO) compas tetateee 24 vane 
- : 549 byatst Device Lirry,, wail PCE Layout. . 
10,000 people cannot be wrong, If you are’ pe £49. 00 - ? 32 Inyers (28 routé layers..2 silk-screan layers (front ond 
lcoking fora CAD package that Is powerful back); 2 soldermeask layess (front ind back). 


Real-time dragging of COMPORE NES ond wires: 


AND dses not cosia fortune .. then Jook no User definable trece sizes. 
furthert... ITS-HERE! (end its here to stay!) User definable pads. 
Carved traces, 


i mil grid resolution - ‘Fine sxid 10 micron. 


Camputer Compatibility SMT. fine line, analog. = SUppor, 
To run the program you will need: om ee brace mirror,’ 
* Windows 3.x, Win9S of Win NT ‘Component, gare and pin swap, 
*h min. 386 processor (486+ rec.) Automatic eammponent renaming. 
* mb af RAM Trade repeat 


« CD-ROM Drive On-line mishi-fever romting with eutometic via insertion. 
= Pin-to-pin, free or -45 degree roating. 

Change seemznt side and width, rate side and width. 
Fast interactive generation of prisind planes with uter 


— : pi ' Be E.. definabls crpss-hatrh or solid fill. 
YES! Please Rush Me My £DW5y wc Program. AMl Major Credit Cards | ccmmatic ground plate with thermal relief insertion. 





Worth £217.00 





' —— ae ; Accepied "Automatic DRC with pser specified parameters, 
Swift Designs Ltd., Dept. ML, Business & Technology Centre, peer | Fleciicel comectivity cheching, 
; . “_ ek. Linesr rotation of symbols. 
Bessemer Drive, Stevenage, Herts., SGI 2DX. Gerber inpiat réad and ase possibility. 
Bisilt in interface for Spectra 6.0, Max rote 6.0 snd 
Tel.: 01438 821811 Fax: 01438 820023 Email: desi gns @swiftdesigns. co.uk Web: www. swiftdesigns.c co. if Asizona Aintorouter, 
. Bitmap functions (logos, drawings, 
Name:. Aorec anne a aein @¢evrcraemanteae giccivicgivatenten alae eqs ee OE ‘Sophisticated database viewer. 
| we, -_ “Mixed Mode Simulation 
Address: Bteeeeeeee eee reenter aeeaatua = ahaa thc iete OD “AC analysis (Fregieacy d - 5, 
‘amas | ; DC analysis (Linear/non-tinear). 

elle hh ee oY seoeteees ; * v4 as aaneen as TD analysis (Time domain). 

ae: , Dingram generator. © 
Postcode: eee Pe ee Tel.: (Day) eeueaare aas ae ‘Dynamic parsmicter definition of active and possive, 

: whee es _ components. 
Version Required: Basic De Luxe R234 aie li ; Quipat sraphs displayed on screen; hardcopy or placed on 

schematic. 
Tenclose:-£..,.... + p.p. £5.00. Cheque/P.O /Credit Card: Visa/Mastercard: Oscilloscope functim. 
‘DLL tisked anatoo/digitat similation primitives, modelling 
langusge and library creation tools: 


Built-in mode} generator for discrete tevices, 


Please Note: Same of the above ize ONLY provided on 
the De Lyxe 3 sad 4 Versian, EdSpice, Thermal Analysis 
and EDCOM-X are‘avaitable 3s bol-off exims, 





‘We aim lo send your program on receipt of payment, but please allow 10415 davs for delivery: 
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This month Mike Holmes looks at Kernels, DIIs” 
and ProfileStrings. 2 


ince the days of the 8-hit hame . 
computer, DIY BASIC programmers 
have looked at commercia! software 
running on their machines, thinking “How 
does it do thar?", or “Why haven’r 1 gor a 
BASIC instruction that does that?” 

Deeper investigation usually revealed the 
program’s:-heavy reliance on machine code, 
which is faster and more efficient than 
interpreted BASIC, together with frequent 
use of utility routines buried in some 
mysterious enticy called the ‘kernel’. 

In-essence, the ‘kernel’ is a block of 
software containing all the low level 
routines requiced ior basic YO 
(npur/Ourpur). All the intricare; labour 
intensive machinations required to scan for 
a depressed keyboard key, display 
something on the screen, activate disk 
drives and read/write /O pons bit-by-hit are 
contained in the kernel. 

Use af the kemél by a program is usually 
the result of a need 10 access someihing 
tha: the hich fevel programming languaze 
can’t, but without having to ‘reinvent the 
wheel’; that is, write:specdfic machine code 
to do it. All the code required for accessing 
any hardware the machine might possess 
tlready exists in the kernel. 

In the PC the kemel is, like es erything 
else, loaded in froma system boot-up disk. 
PC DOS programmers muy already be 
familiar with the technique for calling thé: 
DOS kernel, using what are called 
‘interrupis’, and the hefty tames that 
describe their manifoid functions and usage 
in intimate derail. 





Window API] Functions 
Windows is very similar in principle. The 
main differences are that, Visual Basic needs 
a named reference to the API (Application 
Programming Interface) routine — Windows 
tloes not allow ic to simply make a cali to an 
address as with the DOS ‘Intermupt® 
example; and B, the essential Windows API 
routines are spread throughout three main 
Bles. These are: 
Library name File 


USER USER.SEE, the program 
+ thet is Windows 
GDr GDE.EX2 {Graphical 
isplay Interiacs}, the 
thing that dravs 
everything on the screen 
RERUEL aa Windows 3.x, sither 


ERIL2&6. DLL Or 
ZRNL386. DLL; in $indow 
"$5, HSRNEL32, DLL 
To this jis: other, more specific DLLs 
(Dynamic Link Libraries) are arided by 
applicatians far specific tasks peculiar to 
themselves, but more of this larer. 
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Figure 1. Exampie of a window madeto | - 
stay on top using a cali to Windows APi. | : 


Windows That Stay On Top 


Figure 1-shows an exampte that anyone can 
try using Visual Basic 3 and Windows 3.1 or 
over, A typical application would bea 
progress display while code in another 
module is executing. This is not possible if 
the progress wintlow is shown modaliy 
¢.Show 1’ method). Clicking on the main 
window causes che display window to lose 
focus, #5 in Figure 1, but it remains 
uncovered, that is, it ‘stays on top’. 

in Visual Basic, create a new module and 
save it as ‘FRMONTOPBSS’. In the 
declarations section write: 

ctien Expticit 

Defink A-Z 


‘Declare Function SettlincowFos Ib 


"user* [5;Val cr, 
ByVal.y, ByVel cx, 
=} As Integer 
Declare Function Gervers 
*Kernel” ug As Integer 
Giobal Const SifP_NOQMOVE 
Gichat cena: 2 Sie_NOSIZE 
Giorai Consc OnTopFlag¢s 
Or SWP_MOSIZE 

Glosal Const MaD_TOSNGST. = 
Gichal Const HYND_NOTOSMOST = 

This is used in a globally accessible 
procedure that forces a form to stay.on Lop. 
it calls SetWindowPos(}, specifying the 
hancile of an existing non-topmiast window 
and HWND_TOPMOST as the value for the 
second parameter (hb), to ser the form ‘h’ 
to TOPMOST, use the following API call: 
Success = 
Seatliindowros (irrCurrent .Wind, 

HID TOPMOST, &, 0, 8, 8, 
COntorriags)} 

Success% is <> 0 where successful. Nore 
that this attribute was introduced in 
Windows version 3.1, so a Get¥ersion() API 
call is required to determine whether the 
application is running under Windows 
version 3.1 and so is allowed to make the 
call. Fhe complete procedure looks like: 


Sub FormOnTon (imiCurrant As Form} 


ByVal Fh, ByVal x, 
ByVal cy, 5yV¥ai 


Lit 


al 7 


RdeGptehartedeeatenre Setartee Seeeecee sense 


MO deeb a weeakha reese 





> Beclere Function 


ing system 
aes oat 
Select Case Ver. 
* 2563 = yiindows 3.1, 
Winéows 95 


yarsicon. 


<A 
fh 
I¢ 
r 
a 


24323 = 


2 ee 
Sus ‘cantt ao 


The routine should be created in the 
same module. {t quits if the version number 
does not-match éither of its recorded 
constants (Exit Sub). The routine is very 
simpty called by: 


rormminicp FormMane 


te 


FezmOnTcp Ms 
To restore the form to normal, 
frmCurrent is made NON-TOPMOST using 
the same AP! cail. Add the very similar 


following routine to FRMONTOPBAS: 


Sub OnTopkalease {firoturrent As For) 


which is exactly the same as above except 
that the las: line reads: 


Success = 


SetivindowPos (irmCurrent .nyind, 
Hii NOTOPMOST, 6, 0, &. O, 


OmTooFlacs} 


Getting Information — 
About Windows 


The GetVersionO kernel function is just one 
ofa series able to return information about 
the Windows environment. it is not unusual 
(but not typical) for applications to display 
same of this information in cheir ‘About’ 
pop-up window. 

It has 0 be said it looks very clever when 
seen by the ‘average’ user, and as a Visual 
Basic progranumer you are now in 2 position 
to add a similar display of Windows 
environment data in an ‘About’ window of 
your own design, courtesy of the API calls. 

Create another modiuie saved as 
WININEO.BAS. In the declarations section 
this will contain the fo!lawing APF definitions: 
Gerversion Lib 


“Fermei* () As integer 


Declare Function GetWinFiacs fib 
“Hernei" (} As Lone 

Beclare Fonction GetrreeSrace Lib 
"Kernal*’ (SyVal wrlacs As Integer) 

he Lone 

Declare Function GlopsiComnact Lib 
*nemneal" (ByV2l dwitinFre2e As Long) 


Ag Lang 


Peclare Function Systemiespinto Lin 


“teoinsip. aii* 


jo os ep oh 
integs: 


(sn* As STs SHEZRETNEO) 
Nail that another library has crept into 
the picture, viz TOOLHELPDLL This is only 

to be expected as an application relies 
more and more on external API and other 
library calis. 

Back to the present example — to be 
useable by the Visual Basic code calling 
these, the acdclition of some consiants will 
make it more readable: 


'. Comstants for GetWinFiacs, 


Gichbal Const WE_CPU2ZEZS = &H2 
Gtonal Const WE_CPURBE = aH4 
Giopal Const We_Chp4e6 = &&s8 
Globai Const tiF_. COx87 = £N400 
Giobai Const WE_STANDERD = £210 
Gicbat Const WE_LENHANCED = 4820 


And the SystemHeapinfot) function Gust. 
10 be awkward!) expects to be given a dala 
‘Siructure (effectively a C language ‘struct’ or 
‘union’ type ‘variabte"): 
‘ Type for. SystemReaoInfo. 
type SYSHEAPINFO 
owSize As Long 
wuserFreePercent As Integer 
wCDIfreatercent >A5 integer 
nUserfecsent As Integer 
nCDiSemment As Totegér 
==d Type 
Not yOu can create a new form with a 
coniol array: of five label objects, to be 
made into an ‘About’ window: The form will 
be shown modally and all of the essential 
cade is contained in the load event: 
Sub Form _ Load [) 
Dim msq$ * Status inlermazion, 


Dim nis'* Newline, 


. nl = Ch<S$(23) + Chrs(2G) ‘ New- 
Jine. 
Bim Ver, ver_majors, 
ver_minors, status&, memorv& 


.Cantion 


Gichral string or csustant 
Laheti(5) caption = 

"Ime tigeising .. .* 

‘ Get apereting system version. 


Formacs(Ver 2nd 


minors = Fermacs(Ver \ 
} 


msq = “Enyivormeant:” = ni 

mag = msg + “Micresoit Wirows 
version ” 

meg = imtg + yver_maiors + “.* = 
ver_minors + ni 
* Get CPU king end aperating mcde. 

msg = msg + *CSy: * 

eterusk = GerwinFlegs{} 

Tio ostatusk And Wr_CPu23§ Then 
msq = + "80286" 


1 hw SIF_CPUL&S& Then 
mo = mec + "80488" 
zt Status& 2nd Wr_80xe7 Then 
mEG = msy + * with 30x87" 
SG = meg - nl 
Meg = msg + “Made: © 
== sbtatus& And Wr-STANDARD Then 
m=Ec = msg + "Stendard” <= ni 
Tl status& And WR_ENHANCED Tren 
meg = msg + “Enhanced’ = nt 
‘ et Cree memory. 
memory = GetrreeSpace (0) 
msg = msa + “Memory free: ” 
meg =msq + Formats{memonsk \ 
1GZ4, “882, FfS,fFRe") = *H* + nt 
TMEMOrys = 
GienslCompact (&HEFFFEFES 
mSf = rSg ~ "Leragest free 
hieck: * 
mS = mag + FormatsS{mercrvé \ 
2G24, *#82,823,223°} + *X* + nt 


‘ Get fFres evstem ressturces - 


API SystemHeasinio ently became 
available in Windows version 4.1 


+ "System resources: 
Te Ver >= £4310 Tren 
it. é@lse wrong version 
Bim shi A© SYSHEAPINES 
shi.dwSize = Len(shi} 
zi System¥eaninfol(shi) Then 
= Shi.wUserFresrercent < 
shi.wiDifreePercent Then 
= sa + 
L.wuser?Frestercenrt}) + "=" 


‘can 49 


bebop eebebded 


Figure 2. An ‘About box’ displaying 
Windowe' system Information fot with 
AP! calls. 


An exampie of such a form is shown in 
Figure 2 (although it doesn’t have to look 
exactly like this). The window can be 
invoked moxally via a menu option using 
the instruction ‘FrmaAbour.Show i’, 
provided Windows has access to 
TOOLHELPEDEE, and WINTNTO.BAS is 
included in the project. 

in the particular instance of Figure 2 the: 


:. version nunther, matched using ‘Select 


Sereiidvabanes 


eehadetidedens 


stanans 


*ELEtebece 


Case’ in uhe same way as with the form-on- 
top example, is also used to determine 
which style of information icon is shown at 
lop left — either Windows “95 (as Figure 2) 
ar the previous, round, white on blue 3.x 
version. These icons were assigned to 2 iwo 
element image array at design time, che one 
required being brought to ihe fore using the 
ZOrder 0 method ar run time. 

Now we can see how the above API calls 


can be emploved to discover things like free 


memory remaining. anct user and GDI 
resources, in order to generate warning 
MESS2QES, - 


Getting Windows’ Paths 
And ‘Buffering’ 
If you are. writing Visual Basic applications 


for yourself, you know what your Windows" 
paths are. If however, you are writing for 


someone else, it isn't aways going to be a 


hard and fast rule thar their Windows 
directory will be ‘c-\windows’ and that the 
system directory might be 


“casvindows'system'’. Indeed. their Windows 


may not even be installed on internal hard 
disk *C:’, or even the same machine given 
that Windows allows its systent directory to 
réside on a local area network server! 
Before your application can begin to read 
and write inivialisation (*.1IND files or access 
Windows directories for some other 
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purpese, it needs a catagorical reference 1o 
where they are. The cick is never to make 
reference to Windows direczories explicith, 
thas is by ‘c:\windows’, but to return the real 
path to a string variable using API, whatever 
it may be. The following is the declarations 
section of a module f created for this 
purpase, called WENDIR.BAS: 

Declare Function GethindowsDirectory 
Lip "Kernel" (ByVal tpbyrfer xs 
‘Siring, ByVeél cSize As Integer) As 


—— . 
St te me ele 





imteager 

Deciare Function GetSystendireccrory 
Lib “Nernel* [ByVel inhurifer As 
String, ByVal nSize As Integer) As 
integer 


Unforminately neither of these API 
functions returns an actual string, just its 
length, so you can't use ‘paths =", To 
reirieve the characters, each must be given 
the location of a ‘buffer’ to write to. The 
‘buffer’ is a dimensioned suring variable 
whose base address, ipButter, is passed 
using ‘ByVal’: 

Function GetWindswsDir {} 
Dim remms, X 
renes = String$(145, 0) * 
Size 145 
Xx = GetwindewsDizectory({temos, 
1423) * Make S&T Cail 


temps = LeitS(temps, x) ° 


Az Strinc 


Tritt 


nes (temss, 1) <> *\" Then ° 

aga \ i= necessary 
GetWindowsDir$ = tamms - *"\* 
Else 


ecWindewsDirs = tems 

End Function 

A virtual capy called GetWindowsSysDirO 
should also be made, but where the 
instruction "X = 
GetWindowsDirectory(remp§, 145)" is 
replaced with ‘X = 
GeiSystemDirectory(temp§, 143)". it is then 
possible to immediately retum the ninning 
Windows direciones using either: 
StzrVaris = GetWindewsebirs (} 

Strvar2$ = GetWindowsSysbirs {) 

You could create globaily readable string 
variables.to store the results, by adding: 
Glokel winbirs 
Gicksi wintysDirs 

to the declarations section of 
WINDIR.BAS, although accuaily each of the 
above functions by itself can be used as the 
path as and when require:: 
Oper CetivtndewsDirs{) = 
“ControlL.ini” For Input 42s 22 

kt doesn’t maner whai the Windows path 
actually is, the functions will always return it 
correctly to your application code, whatever 
ic may he catled. 


Accessing 
Initialisation Files 
f firs: came across this rather long-winded 
method for transferring a string using a 
‘copy butter’ while investigating how to read 
and writé Windows inidalisation (*.INB) files. 
Of course the next to useless VB API 
reference help does nor indicate, for the 
benefit of the novice, the fact that the string 
gassed by reference to the API function 
must not be an empty one, That is, it must 
bé filled with characters to a suitable length 
using the SiringQ function, and not leit as“. 
There are several useful examples for API 
calling protocol in the demonstration 
example application called ‘IcanWorks’ 
supplied with Visual Basic. This is where j 
discovered what I was doing wrong. 
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Bécause the calling code is part ofan 
EXE, the program, but the function is 
external, contained in a link library, the only 
data thar can be passed bemveen them is 
thar which can be accommodated on the 
CPU stack. Whereas short and long integers 
are Okay, it does not include strings, since 
these comprise an. indeterminate nuniber of 
bytes and can be very large. 

So instead Visual Basic must pass the base 
address of where the string is physically 
stored by value (ByVal). In Windows this is 
done using the ‘virtual memory model’, Le. 
direct 32-bit addressing (instead of the more 
familiar DOS method, using indices to 64K 
segments and ofisers within). 

Just to prove it, it is possible to create a 
custom DIL wherein a called routine 
displays the acidress it has received, and it 
Lums our to be a 6- or 7-cligit number, an 
absolure offset from DOS memory zero ro 
several megabytes, where the string is 
actually located. 

Consequently the DLL or API routine 
accesses this area using a ‘far pointer’, to 
use the 'C’ parlance. The API routine either 
reads of writes the string ‘buffer’ by 
transferring one character at a time, while 
incrementing the pointer. It must also know 
where the end of this storage space is so 
that tt does not ‘run off the end’, which is 
usually disastrous, and which is why another 
number representing the string size is 
invariably provided as a second parameter. 

However, Visuai-Basic also adds 2 zero 
byte to the end of any suing passed by value 
— although this is only of any use if the 
called routine recopnises it as the 
termination character! 

Demonstrating both these methods, here 
Is something efse everyone can try While 
custom controls for accessing initialisation 
files exist, they sre not stficdy necessary. You 
just need to create a text file that can be 
merged into a VB module at the declaration 
level, be it a form or BASIC type, and 
contsining the following: 

Geciare Function Writ eProtile 
Lid “Kernel*® (ByVal ipAnpN 
ByVal IpxeyNames, ByVai Ross 
Af Integer 

Declare Function GetFrofileString 

*Kernely (ByVal inpapst 

Eyal ipseyNaemes, ByVe ii 
syVel iInketScring$, rf 
integer 

eclare Function 
uritePrivateProfilestring Lit 


abe 


"sernel*’ {s Val Ipazrrclames, ByVal 
tpReyNares, ByVal IpStrinss, ByVel 
inFilse¥ames) aS Jnteger 
Seclare Function 
GetPrivateProtilieString Lib ‘Kernel’ 


{SvVel tockootamesS, ByVal tokavNanes, 
ByVal ipDez auits, ByVai 
« ByVal nSize, ByVal 
ipFijeNames) “AS Inreger 

There are two important things to note 
about these: firstly, the path to the *.IN] file 
will always be the Windows directory By 
defaul:; and secondly, in the case of the first 
nvo declarations, the *.INI file is always 
WISLINL 
To summarise 
‘Ger’ 
lpAppName$ in the INT 
‘section header’ or tit 
between square bracksts” 
lpeyNameg§ in the INI file 
word’ to which a valve 
py = 
lpDefault$ the dafauit text co use 
this entry dees not. exist in the 
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lpRetString§$ string butter to which 
the vatue essioned to the hey mame 
by = ls returned if it exists, ise. 
the contents of inRefauins 

nSize’ the size of the strinc buffer 
ipFilaName$ 

Get (Privates) Profilefttriag only the 
tame of thea INI: £3 
giver, the Windows directory is 
essumec 


-_ 
writ 


lpApopNames$ as above 
ipkeyName$ as above 
ipString$ text to assign to KeyNaire 


“8 
i 


ipFileName$ as ahove 


As a beginning, many applications save 
the size and position of their main window 
To an *.INT file on closing, to reinstite these. 
values next time they load. Your form can 
include the following in its QuervUnload 


event procedure: 

Gin x, Gataztrs, ws 

TE Formi.WwinsowState = 4 Ther 
‘Forti WindowState = 6 


. BUST NOT save 28 cinimised 


ws = Cat" aaiemn neewstate 
Forni .tiingowStete = 0 ‘restore 
normal if caxiat tea 


°° + Stv$lFormi.Top) + *.” + 
Sctrs(Formi.wWicrh) + *,7 + 
Str$ (Form) .Height 
a el ~ 
Yirstetriveatetrofitetcring( Miindsw’, 
“WindowSiz=", Gatastr, “MVBROG, INT" } 
Gatastr = Str$i{ws} 
x= 
yiritePrivysterrofilestringe (“incor , 
“Windcowltate", datastr, 


*MYPRIK: . TNE? 


which, on the form unloading, creates an 
initialisation file called MYPROG.INI in the 
Windows directory char reads like: 
[window] 
WindowsSize= 0 # 
WindowState= 0 


15, 9600, 6465 


The application’s main window can then 
recover this information during its Load 
event procedure: 

Dim x, rerstrs, terns 
retstrs = Strings (2 
reac mut rez: 

* must dimensien this string 25 
adGresse ts passec 


ee 


32} ° 


GetPrivateProfileScrinag(“wWindex", 
“VliindowSize*, "9, @ , S685 5i2h 
*, retstrs, Len(rezcstrs), 
*MYPHOG . ENT” } 

See below 


ndowstate”, "GG", retstrs, 
Tenf{retstrs), "ayyDROG. Tye” } 
Forni .jindgowState = 
Vai(Letcrst{retstr, x)}) 


x 
GerPrivater i: 2a. ee 
. ie wa 

tel 
5 


Ajthaugh for convenience the window 
size was saved as a string of four numbers 
separated by commas, this cannot readily bé 
used by the Move method to resize the 
winciow. So a word e|sxcraction function was 
created to pick our each value in corn: 
inserx in the above spove =t* 

temp = Lertsl(recerr 
ror: Move = 

Vai fExtractiwords (temp, i, 
Val fExtracriiorés (temp, 2, 
Val (Extractilerds (ters, 3 
Val (Extractiordstteno, 4, 

EstractWard?() itself is vecy simple, 
comprising; 

Function Sxtrectivord (ByVel Pext 

String, Index As 3 

As String) As String 
Bin tems, + 


eccebthaderreavenses se 


vaathies 


tem = Texn + TrapChar 

Fxeezecuwers = % 

For 2 = - Ta index 

ExfractWord = fExtracs$ tiem, 
Prant rar: 

temp = Mids (tem, instr (tem, 


_ 


Ena Function 
7S2eé Part 2 

So ExtractWord$¢Q is also useful for 
extracting other substrings separated by a 
common. known delimiter character. 

] hape you get the general idea, anyhow. 
The above can be copied and madified to 
read and write anything vou want in 
initialisation files of your own making — 
examples can include status flaps, colours, 
settings far numerical conversion aleorithms 
(save and recover whichever was last 
selected), the ‘checked! values of menus, 
aption butrons and check boxés, and even 
lists af names of the most recently loaded 
files to overwrite the entries provided for 
same in 2 file drop<iown menu. 


Customised Dynamic 
Link Libraries 


As mentioned in Part 1, many applications 
have their own DLL's —Dyramic Link 
Libraries — for specific Functions peculiar io 
themselves, The pitfalls chat apply to API's — 
the problems of siring passing heing jus: 
one — are also present. 

The biggest problem with accessing a 
lesser-known DLL is not knowing how its 
routines’ parameters mus: be passed, and 
quite honesty without this viral information 
you are not gaing to get anywhere. (You can 
use Winclows ‘95's OuikView utility to display 
the headers of DLI's as well as EXE’s: this 
vill show a list of the ‘exponed’ or externally 
accessible routines. Duc stil won't indicate 
the form of data they require.) 

Getting it wrong invanabiy results in a 
‘Bad DLL calling convention’ error, or cven 
the. dreaded ‘This application has caused a 
Genert Provecrién Fault and will be 
terminated”... 


‘Any’ Versus ‘ByVal’ 

Take the case of a DLL written in 2 totally 
different language, such as *C’ or, in this case, 
Pascal. To illustrate cre point i shall use.a 
custom DELL that J made called ‘URLUTYDIL, 
that was written in Visual Pascal. 

This contains 4 gumber of niarginally 
useful things, the first of which is a device 
for displtying @ scin-up loge for an 
application while it loads. Originally 
containing’2 default picture fixed at desien 
time, the procedure was expanded to be 
able to foad any Windows bitmap (*.BMP} 
thai it is given the name of when called. The 
Visual Basic deciaration for it is: 
Declare Sub Ope nioaga L2b 
mucilicy.dil” (SyVel 2pPie 
any, ByVal pLlen As Intece 
Peclare Sub Closeia oe 
"attiztcy Gan” C} 

lpPicName is 2 string, the name of the 
birmap file, optionaily preceded by-a path. 
But instead of specifying by value as suring. 


ame AS 


‘as in the previous API examples, here we 


have to use ‘As.Any”, otherwise Visual Basic 
will pass the base address with the inference 
that it is fora string (with a zen) 
terminator), The trouble witli this is chiar 





Fifure 3. 4 custom DOLL routine that 
displays an application start-up 
window, showing any chosen bitmap for 
a logo, passed to It as a file name. 


sIrings per se are an alien concept for Visual 
Pascal —like."C’, iruses chanicter arrays in 
place of strings, literaily dimensioned arrays 
Of single bytes. This becomes apparent: 
whea you look at the equivalent Visual 
Pascal declaration in the DEL source cade: 
procedure OpenLoge (lpPicName: BChear; 
DLan: Integer}; excert: 

ipPicName becomes a far pointer of type 
‘PChar’, that is. a pointer to a character 
army. Bence Visual Basic must provide the 
base address as ‘raw", “As Anything’. As Any 
overrides what is calleat ype checking, 
which, if it Comes ot as the wrong Eype, 
cunses the ‘Bad DLL convention’ error. 

With the As Any override, the use of: 
GoanLogo "manlin.izrot, 

Ben ( “maclin. iano” } 

gives rise to the result shown in Ficure 3. 
This designed wintlow, during iis Pascal 
FarmCreate event, invoked by the local 
OpenlLogo procedure, firstly loads its-image 
object with the picture. Then-ir sezs an 
image property tO Jorce it to fit the size and 
shape of ihe piciure, resizes the window io 
the image, centres itself on screen und then 
makes itself stay on top of all other 
winttows. The ‘OK" button is repositioned 
relative to dhe new shape. The window has 
no border or title bar, so any 3D borders 
oust be insegral with the picture. 

Because the winclow is not shown 
modally by Visual Basic, VB cade is allowed. 
to run normally, but anything it displays is ° 
always behind the DLL's togo form. This 
window can be removed in one of three 
ways: by clicking on the ‘GK' button, by 
double-clicking on che picture, or, when it 
has finished its start-up processes, by the VB 
application itself: 

CloseLogo 

The one serious problem with this heing 
that the window must be loaded, otfiersvise 
Clos¢Lopo resulis in a General Protection 
Fault. Windows cannot unicad a window 
Unat (loesn’t exist -— it’s a definite naughty! 
$0 hen can the prusram find our? Windows’ 
Own USER.EXE comes to the rescue: 
bectsre Functisn FindWindow Lib 
“user” (ByVal loCleasstiame is 
ByVal lpwindowtieme As Any) As 
Integer 

~The WndWindowd API function retricves 
the handle of the window whose class name 
and window name match the specified 
itings, (ii does not search child windows.) 
Parameter ClassName points 10 4 sting thar 
conizins the window's class name. 

WindowName points to a string thar 
specifies the window name (the window's 
tide). The fuactian réturns the handle of the 
window that has the specified class name 
and window name if successful. Otherwise, 
it is O. Hence, the proper way for the 


any, 


— 
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progran t© unfoad the DEL logo window is:- 
ne FindWindew (*TcdLego*, ®*c3ioaga™) > 
0 Then CloseLcauc 


to prevent an error if it’s not there. 


Now that we've got the hang of using 
‘sting butlers’ and passing siring. painters 
indiscriminately As Any, consider this: 
Declare Function MessagenhL Lib 
“utility.dlir {Bv¥el IpMeg As Any, 
ByVal mLen As Integer, ByVal. msgtype 
AS’anteger, SyVei protType as 
Tnteger, RyVai Iptimems As Any, SyVel 
nben As Integer, SyV¥al He 
=8 Integer 

of which the Pascal equivalent in rhe DIL is: 
function MessageDLL(lpMsg: fChar; 
mLen, BSgryrs, bintype: integer; 
iphzame: PChar; nbhen: integer; Ec: 
doncint): Integer; experi; 

Can you work out which parameters ure 
strings, and which specify the sizes of these 
strings? MessageDLL() providés an 
ahemative ts Visual Basic’s MsgRox() 
function having mare options and huuons. 
An example is shown in Figure 4. The 
extensions are worth summarising: 


Persmctations, msagTyre: 

Value Styie 
Name ot 
har, 70 
"meror’ in citie her, 
red 'X’ issn 
‘fone tn ele 
har, bine 'F' tesn 


* 
*Werning’ 


BEL 2 ez tre 
ice: 


_~_—— 


yellow “!" tcom 


deb Pen banducdbreirr 


PERS PERE OPER GE HESS GEEA Does 


a¢t 


ttbbddens 


im €irle bax 


ata ¢ 


*“Ttormeaticn’ in titie 


Dar, DIE "S° icon 


Persmtaiions, 
Value 


bint}pe- 

Styte 

OF 

OF, 

Sbort, Retry, 7 
Yes, Noa, Caéncel 
Yes, No 

Rercry, Cancel 


LF] oe Lad td [et Co 


btniyse, non-yeH: 
Cancel 
Cancel, Hels 
OK, Helo 

On, Cancel, 
S. alee 

Ha, 

7c, 

No, 

Mo, 

No, Abi; Cancel 
tqnore 

fanore, Heip: 
Ho, Albi, 


Retry, 


o 


ih 0) th i 


obs? st pe LO OD ot Ty 
7 
bt Wg eed tat fF 
m ib in 7 


seal meld Cael ll atl bell 
Lo oo sl oh UY it Lal 


tb 
a 
th 


anceal cressed 
2.5 pressed 


nerve press 
5 pressed 
NG pressed _ 
513 pressed 


CO ~] oH A he el AO be bey 


custom DLL 

routine as an 
alternative to 
Visual Basic’s 


Nisghoxh 
function with 
extensions, 
Including a 
‘Help’ button. 





The message to be displayed is passed as 
lp. Msg, its tength as mLen. Thus far, ihe 
function is not coo differemt irom VB 
MsgBox? used as a function. The deviations 
are nsvType and bine pe, which are 
separate and net Orred together into one 
number. Also IpHname, specifying a help 
Ble name with or without optional path (if 
no path then Windows directory is 
assumed); hLen as the length of IpFinanie, 
anc He specifying the context: number of 
the help copie to cfisplay. 

These. must be supplied even if no help 
button is required, but can be blank as in: 


M = MessagenLi(Mse$, Len(Mse3}. 


S . 
1, "", OU, eae ius 


Viel! 
eh 


B = HNaessaueliiL(Msas, LentMeqS), 64, 
8, “cdutiis.hiny, 1i, Cind({23001})) 
where binType = 5 specifies ‘OK plus 
‘Help® buttons. In which case the help fife 
name is assiened to the DLLs internal Pascal 
equivalent of the *heipname’ property for its 
‘application object’, whereupon it ean then 


Like 

YB no icon 
"STOP?" 
Cuery 

@ Exclamation 


5 imrarmarian 
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Vii OF 

Carcei VB GE, Cancel 
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VS Yes, No, Cancel 

VE Yes, No 
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Le: 2 ae 
Enter text in field betow, 


Figure 5. Smarter alternative to the 
standard Visual Basic InputBox$(} 
function, courtesy of a custom DLL. 


simply call up the topic by reference to its 
coaiext number when the “HelsY button is 
clicked. Well it works, anyway. 


Alternative InputBox 
A‘made up EapurBoxs¢ was already 
covered in Part 2 as a vast improvement 
cver the conventional one. As a vanation, 
UTILIFYDEL nossesses one too, with one 
essential difference. Bear in mined thar, 
following what was said already about string 
buffers; because it ‘returns’ a string, 
InpuiDLLO mus? be passect a fully 
dimensioned string, noi an empty one. 


Declare Function InsurDLL Lib *uril- 
tty.all" (ByVal lpCaspiian ks any, 
ByVat clen Ss integer, Hyyat 
IpPrommt As Bny, SyVal oLen is 
Trteger, Syyei ipVaiue As any, ByVal 
WS2ize 25 integer) Aas integes 


Paseal definitian: 
Function InoutrDid.(inCaptie om: PChar; 


cLen: Integer; InPrompc: ECnar; 
cient: Integer; ipValue: Cher: 
wSis Integer}: Integer; expert: 


[ leave it to the. reader to work our which 
parameters do what — the hasic onfer ts 
identical to normal VB inputBoxs( 
faApiut DLL) is.a function chat recognises 2 
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zero terminator in IpValue, the cext co input, 
as.icis also provided as default text for the — 
input field. The Visual Basic: suring pointed 
to By [pValue mtust be dimensioned and 
filled with zero bytes: 
Dim retscrs 

retstrsS = Strinat255, 0) 


That way, the highlichrecd text appearing 
in the input ficid oF the window is the right 
length, as in Figure 5, InpurDEhy revurns 
the length of the ivped or accepted rest and 
wriies it to the ‘string bulfer* (as reistr3 
above) pointed to by lpValue. You then take 
the Lek$ af the comrenes using this length, 
same as for the Gei[Private] ProfiteStringt) 
APT function. 

Ouite unlike InputBost(). however; 
InputDLLO returns -1 if its window is 
canceilced or closed, which should be 
tapped by code — this is so it can return an 
empty sicing which may actually be valid — 
the onc thing InpurBox$O cannot do. 


Finally 


E's work mentioning iat UTTUTY PT. 
includes a few other useful things, three of 
which are funcrions thar Gin simply be reac 
28 numeric values. These include: 

Declare Function GetDiskSize Lib 
“utilitv.dil” (ByVal DrivelD As Integer) As 
Lang 

Rerumms total sizé in bytes of specified 
dive number, where 0 = current, 1 = drist 
A, 2 = 8B, 3 =C, etc, Retuens -1 il error. 


Declare Function GetDiskFree Lib 
“utifin-dll” (BVVal DeivelD As Integer) As Lone 


= 
ms- = = &4 
~~ er 


Se 


Oniy 


ys 


digtial circeils, 


spat measuring. 





The best things come 
In small packages 


£30 a 


exc. VAT * a AY 


Oscilloscopes are becoming smaller and fighter: 
Now Pico Technalagy brings you the latest 
development. the osziFOX hand held scope. 

Despite its smal! size, 
performance cas match that of a 
service oscijloscope. 
sampling rates of up to 20 M/s, 
even signals in microprocessor gives the osziFOX the edge: 
circuits can he measured. 
The osziFOX is ideal for inking wiaveferms is 
Tacasurements in amplifiers, 
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Retums number of free bytes an specified 
drive number, where 0 = current, | = A,2 
= B,3 = C, and so on. Returns -1 if error 

Declare Funciion DriveType Lib “utitirydll” 
(ByVal DrivelD As Intever) As Long 

DrivelD specifies which drive is to be 
determined (0 = drive A. 1 =.deive B, 2 = 
drive C, and so on), Returns 2 hpe-number 
specifying removeable (floppy), fixcct (hard) 
or newark, or -F if error. 

Declaré Funcuon CopyFiteDateTinie Lit 
“urilinedil” (3y\al IpFile] As Any, Bvval 
InFile2 As Any) As Integer 

Transfers the DOS date-time simp of 
filespec at IpFiled to replace thar pointed to 
by IpFife2. Surings ait InFeX mus: he zero 
rerminatecL Returns Tre (-1} if OK, False 
(O) it error. 

Deciare Function WriteFileDateTime Lib 

“utilit-d |” (ByVal IpFile As Any. ByVal 
IpDateTime As Ariy’) AS Imever 

Overstites DOS date-time stamp of 
Alespec ar IpFile with a replacentent date- 
time cocect as Visual Basic internal floating 
point datetime value, and provided in 
sting form, e.g. Sur3(CDhICNow)}, Bout 
Ssuinegs must be zero remninarecd. Retums 
Trie (1) if OK. False (0) if error Ever 
noticed how a compicte set of instaflation 
files for a commercial application all have 
the sane date and. time to ihe nearest 


second? Now vou know! 


Next manth, a shah remoyracde step — 
Visual Basic for DOS? 


If you can find 9 use for UTUTY.DLL and would {ike 
a ‘copy of this inf olher useful akon modules for 
Visuat Basic 3 please apply privatety to the author 
PO Gax'5773, Lamdon ‘Essex SS15'S)F 


Maplin Béctronics pic and i assodiates Ganpat be 
held responsible for the acctrracy of reliability ir 
atheniise ef Sucth infommalion or tttities. 
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fan Berry continues bis circuit description. 


Pulse bits 

The input vides signal is 
tenninated hy R3 to ensure the 
correct operating level. ICi is 2 
sync separator which removes 
the viclco information and 
exunicts the timing information. 
This consists of horizontal syne, 
used in Use clamp and sample- 


Figure 9, 
Timing 
relationship 
hetween 
Horkzental 
Sync and Burst 
Flag pulses. 
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and-hold, vertical syne, used to 
generate the blanking signal, 
and a burst gate signal. The 
burst pate signal, as its name 


; SuleBests, is present only where 


the reference colour burst 
occurs in the video waveform. 
This is useful as it produces a 
pulse which eccucs alier 
horizontal sync but before the 


i. 


Pebbarbbradthiaesteeseaan 


TCO LEP AAA Leben dd hehe borers 


Pattee 


start of the line video 
information. (Figure 9) This 
burst gate signal is inverted by 
IC4B and usec to discharge ihe 
rectifier hold capacitor az the 
start of each tine of victeo. Thas 
the level held from the 
previous line is loss and will not 
affect the next-fine to be 
measured. The horizontal syne 
pulse is inverted by IC4A 
before being usec! by the ramp 
generttor. [CE also gives a 
vertical syne pulse, By itself this 
is 100 narra. to be used as 
yverucal blinking so it is us@d to 
uigger the first half of C3, a 
deal monostable muultivibrator. 
The time period of this half of 
1C3 is set by C4/R6 to sive an 
output pulse abour 1.5m5 in 
fength. The trailing edge of this 
pulse will occur just after the 


"start of the visible part oF the 


picture ac the top of the 
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screen. This pulse edge ts used 
10 wigger the.second half of 
IC3 the period of which is set 
by C3/R5 to be just fess than 
the chiratian of the active treme 
of picture. Fhe auiput of the 
second haif oF IC3 is used to 
gate. off the display during the 
vertical] interval where there is 


* WO active picture information: 


The reset input of 1G3B is held 
high by 27. Provision is made 
to take this pin to ground with 
an extemal switch. The effect 
of this is to gaie-off the clisplay 
not only cursing the vertical 
interval, Hur curing the active 
picture 25 well, thus removing 
the display completely. 

The ramp generator is a 
simple integrator formed by 
IC3a and C6. The value of C6 is 
chosen so that the ramp is one 
video fine tong, about 60u5 
(Figure10}. Horizontal svne 
pulses are upplied to the gate 
of TR1 which switches R9 
across Co during the fine sync 
penod. This discharres C6 
ready for the start of the next 
line whereupon anuther rising. 
ramp is generated. Incidentally, 
if R10 is connected 10 -3V 
insteact oF +5V the ramp will 
fall instead of rise. 1C3b 
amplifies the ramp signal by 
about twice or so and R13 and 
R14 set the de conditions of 
the ramp signal at pin 7 of 
JC5bD. Varying the ralin of these 
nvo resistors, and hence the dc 
level at pin 5 of 'C5b. will move 
the wholé levei display to the 
left or to the right on the 
monitor screen. The amplified 
ramp signal is aoplied to all 
three positive inputs of the 
comparator. 

Vertical syne pulses from [C1 
are used hy 1C3 to gencrare a 
blanking signal. (C3 is a dua! 
monostable. The first half 
extends the vertical syne. pulse 
such thai the falling edge at pin 
7 occurs just after the start of 
the picture information at the 
top of the picture. This is usec. 
to irigger ihe second half of 
1C4, the period of which is set 


_ by RS and C9 to be more er 
: less during the picture 


information occurring from the 
top of the picture to the 
ixutons. So the blanking sivnal 
serves 10 make sure the 
Theasuremient display is only 
present during the active part 
of the picture. 


Video bits 


The input vileo signal is also 
applied 6 the input of the 
video clamp circuit of IC2. This 
circuit is in the fonm ofa 
sampte and hold circuit. Within 
the IC is an analogue switch 
under the control of the clamp 





pulse input. During the active 
part of te line (clamp pulse: 
high) the input video is passed! 
through C2 to an internal 
amoplificr. When the camp 
pulse is fow, pin 2 of the IC is 
disconnected from the input of 
the amplifier and iaken toa 
Axed cle fevel set by the 
reference voltage on pin 3. 
When the clamp pulse again 
goes high, pin 2 is again 
connected] to the input of the 
ampuifier. In this way the voitage 
on the pin 2 side of C2 isre 
established at the star of cach 
line. C2 is fecl from alow | 
impedance source (the 7392 
termination) and és small 
enough in value to be relatively 
immune to changes in the input 
DC. The amplifier within IC? 
has a very high input 
impedance so that the small 
value of C2 will nar affect the 
low frequency response of the 
video signal. The negative input 
of this amplifter is brought our 
ta pin 1. and this may be used 
to sec the overail gain of the 
circuit. The net effect of the 
clamp circuit is 10 give a video 
signal where the most negative 
part of the sync signal is always 
sat at OV (It is possible ro make 
ihe bottom of syne sit ata 
different de by changing the de 
inpuL-ac pin 3). 

The clamped vicleo is 
rectified by Di, This BAR2S is 
chosen to have as small a 
forward voltage drap as 
passibte. Fhe quoted figure is 
410mV and as the video level at 
this point is about 2V peak-to- 
peak this gives a sync pulse of 
about 0.6V peak-to-peak which 
means that ihe upper bi af the 
Sync putse will be Included. This 
in ture mesns that the 
measurement of the -vidco 
signal will extend all the way 
down to black level. C13 
smoothes the rectified signal. 
‘Too large a value at this point 
will result in an average reading 
rather than a peak reading, anc 
small areas of overexposure will 
nat be inclicated. TR2 is timed 
on by ute BF signal which 
occurs Just after the horizontal 
sync signal 10 discharge C13 so 
that it can commience to charge 
again from zero during the next 
line: Fig. § shows the time 
relatfonship bepveeén the two 
pulses. Ifihis were not done, 
C13 would simply remin the 
maximum value reached at any 
point in the picture: [C8 isan 
andlogue switch working as 2. 
sample and hald circuit.It is 
operated hy the horizontal sync 
pulse which occurs just before 
the BF pulse used ta discharge- 
Ci}. It serves to pass the charge 
on C13 onto Ci4 where it is 
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Figura 10, 
Ramp signat 
feneration 
waveforms. 


Figure 11. 
Rectifier 
and Sample 
and Hold 
waveforms. 


heid during the sync.and 
blanking perickl. Figure 11 
shows how part of the sync 
pulse is within dhe measuring 
range, and also chat che ourpur 
af the sample and hold cireuit 
(the bottom irace) is a dc level 
corresponding to the whitest 
pan of the staircase of the 
upper imice. The input signal ai 
ihis point is colour bars which 
have a series of steps from 


Diack jevel 10 peak white 25 can 


be seen in Figure 11. 
The de level on C14 is 
ainplified by 1C5c the pain of 


Which is selected such that the 


black to white display takes up 
about 7A of the screen width. 
R23 and 24 serve-to set the DC 
offset of the signal at pin 14 of 
IC5c. This signal is input to the 
negative input of the 
companitor iC6c and, together 
with the ramp signal on the 
positive input, will generate a 
pulse whose rising edge 
inciicares the relative level of the 
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video sipnal The two orher 
comrprazors, IC6a and iC6b, 
have dc on their negative inputs 
set by two potentiometers VR1 
and VR2. These de levels 
together with the ramp signal 
will generate nwo more pulses: 
whose rising edges will indicate 
the black cursor and che whiie 
cursor. The fixed de levels from 
the potentiometers means chet 
the cursor bars will not move 
irrespective of the video level, 
but may be set 60 3 preser 
position on the screen. There is 
no meamns.of setting the span of 
the video indicating bar (fe, 
how far co tefi and sight che start 
and finish extends). Calibration 
is performed by moving the 
cursor bars to positions found 
to he black level and white level 
by applying a known video 
signal. Figures 12 anc! 13 show 
iypical comparator Outputs for 
the owe cursors in relation to 
the minip wavelorm. 
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The pulses from the 
comparainr are 100 lone to use 
direcily, They excend from the 
point at which the comparator 
changes state to the end of the 
current ‘TV line. This would give 
avery wide white block 
beginning at the black cursor bar 
and extending over the rest of 
the picture. In orler to generate 
a chin bar the comparator pulses 
are differentiated by CO/R17, 
CORI, and C11/R19 
respectively. R33, R34, and R35 
are the pull up resistors required 
by the output circuitry of the 
companitor, Figure Li shows 2 
typical spike praduced after 
differentiation. The ttiree 
differentiated spikes are 
combined in IC7a, with the 
inpur clamp diodes af the 
CMOS circuit conveniently 
doing away with the negative 
going spikes from the filling 
edges of the comparator puises 
— which are eenerted by the 
falling section of the ramp 
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senerator.and occurs ducing 
ihe line Sync interval. The 
ourpur of IC7a is used direct 
to penenite the white portion of 
the display bars, or fill signal, 
These narrow pulses are.also 
integrated hy R20/C12. The. 
comparaior action of 1C7b gives 
sharp edges to the resulting 
stretched pulse, the values of 
R20 and C12 being chosen to 
pive a stretched pulse of about 
ewice ihe withth of the pulse at 
the output of '(C7a2. This forms 
the basis of the key signal used 
to cut the hole in the video 
signal. Yo ensure that the starr 
of the fill signal from IC7a is nor 
fost, dhe output of IC7a is 
combined with the output of 
the stretched pulse from IC7b 
by IC7c. This will ensure that 
the hole cut in the video signal 
will start at che beginning of the 
white fill signal. This can be 
seen on the main Timing 
Diagram, Figure 3, see part 1. 
At this point the pulses from 
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the comparator, and the 
stretching gates of IC7, will 
extend throughout the whole of 
the video signal, including the 
vertical blanking. Although this 
would not be displayed by the. 
monitor, it could upser the 
timebase circuits and give 
picture rolling or other 
distartions. Accordingly, the 
vertical blanking signal 


generated by IC3 is-used to 2ate. 


off the key signal during the 
vertical blanking perioclL IC4c 
performs this function, its — 
output being inverted by IC4d 
to make it the correct polarity 
to be used as. che switching 
waveform for 1C9. It is not 
necessary to gate off the fill 
signal as with no key signal no 
extra signals wilfanpear in the 


. Picture display on the monitor. 


C9 is anoiher analogue 
switch, but this iime a doubic 
throw version. The switch from 
ene input to the other is 
pertormed by the key signal. 
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Figure 12. Typical 
Comparator 
output waveform 
— White Cursor. 
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Figure 13. Typical 
Comparator 
output waveform 
— Black Cursor. 
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This switch input requires logic 
level and the key signal is used 
directly, Of the two analogue 
INPULS, Input one is the 
camped video signal from IC2, 
and the ouher is the white fill 
signal from §C7a. This fill signal 
is at logic f@vel, OV te 5¥ and so 
requires atkenuation and tevel 
shifting to make it computible 
with the video signalLit is io he 
combined with. 1C5d has a gain 
of approximately a halfas ser by 
R29 and R28. R25, R26, and R27 
level shift ihe resulting pulse 
such thar the negative part of 
the pulse is at the same level as 
the black pan of the video signal. 
The reduction in level by a gain 
of tess than one sets the positive 
part of the pulse to be slizhtly 
above the whirest part of use 
video signal. An op-amp is used 
at this point as a high-tc-low 
impedince convertor. If the 
amenuation were doné by a 
simple nvo resistor clivider 
either the values would be so 
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large as to affect the frequency 
response of the fill signal, 
making i: smear horizontally, or 
so low as to load the output of 
IC7a excessively The 
combination af both black and 
white in the bars means that 
the display should then be 
visible on just about any tvpe of 
picture content. There are slight 
switching spikes visible on the 
final waveform but these will 
not affect the picture manitor. 

To make the output from the 
unit compatible with normal 
video inputs and outputs 1C10 
is used as 2 video line driver to 
give a 75Q drive at the ourput. 
This LC is capable of driving avo 
back cerminated 75Q loads so 
provision is brace on the PCB 
for another 75Q2 output resistor, 
R32, which need not be fiiteck 

The power supply 
requirements are muxiest, =3V 
at about 40 to 30maA per rail. 
However, the use of cle level 
shifling in- some of the smges, 
and particularly che black and 
white cursor line generators 
using VR1 and VR2, do require 
the power rails to be regultted. 
111 and 1Ci2 are simple. 
1fMGmaA series regulators to set 
the power rails to =5V The 
input voltage needs to be 
hetween =9¥ to = 12¥ and the 
unit will work on wo PP3 
baieries. Due io the mixture of 
logic switching and analogue 
circuits plency of power supply 
decoupling is needed, and this 
is the Function of C17 to G25. 
C7 and C8 serve ro keep any 
power supply cubbish off the 
preset inputs to the 
comparators from VR1 and ¥R2. 
Any power supply ripple at this 
poine would make thé fixed 
cursor iines fuzzy. 


The-unii’s video ourpur should 
ie more or less the same level 
as iis input to within a few 
percent but as this should only 
be displayed on a monitor, and 
not recorded or used in other 
applications, this is noc critical 
Any video signal can be used at 
the input and its level displaved 
on a monitor, however, due [o 
the nature of the syne separator 
used to extract ming . 
informauon, signals wich tess 
than perfect syne pulses will 
cause a slight jitter in ue 
displayed lines of the level 


: display. OF-air signals (from the 


_ BBC ete.) and pariicularly 


signats from VHS tapes will 
show this effect, bur signals 
from video cameras etc. and 
more professiona! off-tape 
picaures (Bericam, for ample} 
should nor. 
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Figure 14. Typical Comparator output after differentiatian. 


Changing 
component values: 


Several of the components can; 
be adjusted to ‘customise’ the i 
display to an extent. VR1 and ‘ 
VR2 will allow the two cursor : 
lines to be positioned mere or 
less anywhere.across the 
piceure on the monitor. 
Changing the value of R42 will 
change the overall width of che 
display. Reducing the value of 
Ri? will reduce the heighu of 
the ramp signal which will : 
increase the width of the 
display components. The 
display could be reduced to less 
than half the screen width, for 
example. Bear in mind that as 
the display is mace narrower, 
the resaluiion of video level will 
be reduced. Varying R13 or R14 
wili move the entire display 
across the screen io the left or 
fight. If R12 is changed it is 
likely thar RE3 or Ri-4 will also. 
require changing. Beware of 
increasing the gain of 1C5b too 
much, or adding too much 
offset by varying R14 or Rl4,as_— 
this may cause the Ramp 
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Figure 15. 'Cotour Bars with sudérimposed display 


waveform to become clipped at 
either the positive or negative 
ends, This would give non 
linear messurement results. 
Increasing the value of R17, 
R18, and R19 will give thicker 
bars in the display. These need 
not Se'set to the same value. 
The cursor bars could he left 
thin and the video fevel bar 
made thicker for-éexamnle, 
Changing the value of R20 will 
change the radio of white and 
Dlack in the display bars. The 
black part can be made thicker 
or thinner as required. This will 
not affect che chickness of the 
white part of the bars. Changing 
the components 2round 1G3¢ 
will have much the same effect 
as changing the conyponenis 
around IC5h, except that now 
only the video level bar will be- 
affected. Reducing the gain at 
this point will change the width 
of the video level bar bemween 
the cursors but will also reduce 
the level resofution. lncreasing 
or decreasing the value of R29 
will change the gain of 15d 
which will change the video 
level of the white part of the 
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display Ir could he made 
‘whiter chan white’ or reduced 
to some vatue to give grey. R25 
would also require neeaking to 
maintain the black pact of the 
display at black level. Beware of 
setting the white bars to too 
high a level. as this will give 
problems in the video line 
driver, IC10, and also-possibly in 
the monitor picture. Finally, 
slight changes in R36 will allaw 
setting the output level to 
exactly march the input levet if 
this is thoughe necessary ‘lo 
increase the output level 
beyond the 1V peak-to-peak 
value, a resistor can be added 
berveen IC10 pin 2? and 
ground. However, as the power 
rails are only =5V IC10 will 
soon clip the Output waveform 
if the esin is increased teow far, 


Calibration 


The ideal way to calibrare the 
unit is fo use a video signal 
whose exact level is known. 
Colour Bars or a greyscale step 
signal are to be preferred - 
preferably calibrated with a 
standard oscillascope or 
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waveform monitor. (Fig.15) 
Calibration consists of inputting 
a sync signal with no video 
information (2 black signal) and 
setung the black cursor bar with 
YR2 to caincide with the video 
level bar. These should burh be 
near the left side of the picture, 
Change the input to a knawn 
video test signal calibrated as 
above and set VRi, which 
contrals the white cursor bar, io 
coincide with the video level 
har which should now be near 
ihe right side of the picture. 

Withour a verifiable test signal 
calibration. is a ficle more 
ifficult. The best war to 
proceed in this case is with a 
viden camera. Connect the unit 
to the video from the camer. 
Check the camera produces 1 
picture through the unit and 
then apply the lens cap. This 
must be a light-proof type and 
nota translucent ape used for 
white balance in some cameras, 
This should give a fairy 
accurate dlack signal. Use ¥VR2 
to make the dblack cursor bar 
and the video level Par coincide 
as above. Setting the white level 
is somewhat more difficult. Set 
the camére to shoot an exterior 
picture which inclucles a fair 
amount Of sky. Choose.a day 
with faiely broken clouds. Open 
the camera iris until the clouds 
disappear and the sky becomes 
a uniform white colour. Now 
close the iris again until the 
clouds reappear. At this point 
ihe exposure is nore or tess 
correct and, providing the 
camera pives 2 standard 1V 
peak ta peak signal. the white 
part of the sky should be at 


: peak white. Ser che white 


cursor bar with VR1-to coincide 
with the highest indication of 
the victeo level bar. In Fig. 36 
the side of the house is in 
sunlight and is actualh at a 
higher video level than the sk. 
Deiails of the pattern in the 
rendering can just he seen on 
the screen so the white cursor 
bar can be set ro coindde with 
this part of the display. 
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Figure 16-Typica!l exterior with superimposed display. 
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Figure 17. PC& track layaut. 


Construction Notes 
Figure ¥7 shows a sugeested 
PCB liyout together with Figure 
48, which is a component 
overlay There should be no 
problems with construction 
either with the $ueeestéd PCB 
layout or with another design. [t 
is ven possible 20 builel the 
circuit On Veroboard, if desirecl. 
The main problem to watch out 
for concems the input te IC2, 
the clamp circuit, and the input 
and output of the sampte-anel- 
hold circuit, 1C8. Both these 
points are fairly high impedance 
parts of the circuit, and PCB 
tracks, or Verolourd strips, 


should be as short as possible 
to avoid pickup of external 
signals or crosstalk from orher 
paris Of the board. Both these 
problems would give rise ta 
MEBSUreNlent CATO. 

Ii you use the sugvested 
board lavout take care co insert 
the ICs rhe conect way up as 
ICs 8 and 10 are up-sitlexlown 
in relation to the arher ICs. § 
know this gives me a problem 
25 I tend to design board 
lnyauts with the ICs all the same 
way round, and then insert the 
components on autopilor. In 
this case the board lavout 
required these two ICs to stand 
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Ri 

R240 
R3,31,32: 
RS 

RG 

R724 

RS 

RO 
R10,25 
R14. 

Ri2 * 
R13,22:29 
RIA, ow. 
R15:17-20, 33-35 
RiG.25,28 
R24 
VR1,2: 


CAPACITORS - 


680K Min Res 
‘330R Min Res 
* 75R Min Res 

‘420K Min Res - 


82K Min Res: 
40K Min Res: 
4M iin Res 


470R Min:Res: 


33K Min Res * 


-6KS Min Res : 


22K Min Res 
2i7-Min Rés 
3K98 Min Res 
1K Min Res 
4&KF Min Res 
22% Min Res 


10K Cennat Preset 


C15 


100nF Poly Layer 
C2 : 1OnF Poly Layer 
C3 ‘ATOnF Poly Layer 


MAPLIN ORDER CODE ° 
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M330R 
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Figure 18. PCB Component overlay. 


i on their heads. The protoupe 


board has the iCs soldered in 
but it makes rather more sense 
to use IC sockcis, if possibfe. 
The power supply 
requirements are cpaite moxiest. 
With =9V the unit should draw 
about 40 to J0MmA maximum 
from each rail, Two Alkaline PP 
batteries will power ic for a little 
While, but switch-of when not 
in use. A multi-pole switch 
couid be used to bypass che 
video signal when the unit is 
not powered in ornler that the 
picture can sili be seen on the 
moniorn The mw series 
regulators are rated t1 100mA 


C4 “47nF Poly Layer - : 
C6 “AnT Poly Layer 


C7,8,15°17.19, 
22:24,25 





cach which is more than 
adequate. but beware of 
applying woo high 2 power 
supply voltage as it is passibte 
60 exceed the power rating of 
the regulator, while stil! only 
tirawing the 40 or 30m<A ar so 
required by the circuit. Any 
on/Ofl indicators or other lamps 
or LEDs are best connected! to 
the unregulned power mils. 
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Diary Dates 
Every possitte efioa has tean made 
to eiswe that infomation presented 
here is correct pricr to puliitetion, 

TS and tisapnomiment tis to late 


chaness G anenimer, please cietect 
SYENL Senators to confinn doetais.. 
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5 May, Multichip Modules ard 
RF 1Cs 1EE Conference, Lancion. 
Fel: (O17 1} 240 1871. 


& May. Callular Bflanufecture : 
& Ney Product Intioiuction, IEE 
Technical Visit, Atatvem instruments, 
Vorresterstiré, Tel: (O17 1) 240 1877 


6 to 7 May, Dats Warehouse 
Storage & Performance, The 
Commonveatth Institute, ‘Hensingion, 


need Ipak no further. A flick of che wrist and I'm 
connected with rwo vital accessories — a Swatch and 

a telephone — rolled inte one. 

Swatel: “Halk is the latest acklition to a history of 
conunuous innovation. In 1901. Swatch introduced 
Swatch the Beep, the first pager in a watch. 1t was 
followed In 1997 by Swatch the Beep Midi, the 


European Commission Launches : 
1998 European iT Prize 


The European 
Cammission 
has announced 
the faunch of 


Patta eer 


ea Pepariel 


11 FFER OS 


London. Tel: (01908) 373214. the 1998 1 world's smallest pager intceritcd into a Swatch. For 
12 May. PLIYFRGS Day, European IT | a ¢ further information, check: werd. swateh.com. 

ja: (0181) 916.3997, Prize —a an - PUSS OSES ERO BSH eRROK ER ARRAS EREEE?D 
12 to 13 May. Batiéry Conference “460,000 na 2 oe wars : 


intel Demonstrates Technology 
to Power a Billton PCs 


intel senior vice president Dr. Albert Yu demonstrated! 
processor technologies that wili power a furure in 
which the workl is connectect by over 2 billion intel 
architecture PCs and more than 2 hundred million 
servers at CeBIT, last month in Hanover, Germany. 

“One billion connected PCs will lead to a new 
world of innovation, driving the development of 
applications ranging from visual electronic business 
solutions for corporate users, to new forms of 
Colemiinment and communications for comsumers“ 
said Dr. Yu. 

In his speech, Dr. Yu presented the evolution and 
furure of the intel microprocessor and plaiorm in 
several technology demonsiraiions lareeting business 
and cofisumer application: 8, De Yu demonstrated one 


award scheme 
designed to 
encourage IT 
innovaiion 
across Europe The programme is nun by the 
Comunission in conjunction with Euro-CAsk — the 
European Council of Applied Sciences anci 
FEncaneering. 

Now in its fourth year, the prize aims to raise the 
proffe af Europe in Information Technology, a 
markeiplice alten dominated by the Nomh 
American ark! Asia-Pacific regions. 

The luropean IT Prize will be avarded to 
companies who have-the mostnovel products with 
a high IT cament and evident market potential. The. 
product musi be a demonstrable prototype and, if 
slready marketed, it should have been inmrochuved 


and Eahibition, Solinuit. 
‘tek (01372) 70. 


12 ta 13 May. Di ictal Mts epping Shavs ‘ 
Novotel, Lanciwi. Tek: (G5ES3) 652601. 


12 to 14 May. Inteset Word 
Intemational, Ghimpis, London. 
fel: (01865) 288000. 


32 ta 14 May. Digital Interactive 
Mamketing, HEC, Birninsham, 
Tel: (0171) 357 6162. 


13 May. Hectic Cars Colloquium. 
AUSin r%, IEE *iclands 
Engineziina Cenire. 

Ta (OL 714) 240 1871. 


13 ta 24 May, Embedded System 
Snow, London. Tel (G7 741 682 1600, 


14 May, Technotccy Investor 
Conizrence, London. 
Tel: (OL71) 256 5364. 


18 to 19 May. Tete,yision 
Disinbubon Conference, Lenton. 
te: (0472) 637 4383, 
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19 to 20 May. Cabbie & Satellite 


Conference, Lanrton.. 
Tél: (0183) ‘910 7747. 


13 May. 


1EF Eraadbar Digital 


Radio Conference. Sirmingham. 


‘Tel: (0173) 240 1871. 


49 to 20 May. Printed Circuit 


Intetconnscticn Federation 
Canference, Chekenham. 
Tet: {(O174: ‘515 £266. 


20 to 21 Alay. Cammunicatons in 


Public Safety, GMEX Cenue 


idanchester Tet: (Gi399) & BOOOTO, 
21 May. tobe Communications 


and RF Workshop, Landon 
Tet: (0181) 3516 3174. 


June 1998 — 
1 to 2 June. Blectrenics: 





Tre ext 30 Years, Warnick. 


Tel: (0272) DB7 A85s, 
2 to 4 June. Emionmenta! 


Tashnaingy Exhibition, Binmingham. 


Tel: (G182) S30 7918. 


3 to 4 June. Efecironics Forum 


Esnitiiien, Manchester. 
Te}: (0179S) 528252. 


3 to 4 June. Instrumentation 


South West C8 Exhibition, Gristof. 


Tek ¢ (01839) 614677. 


ap 2 ae Online ras Canterance 
re. 


I 
ree Otaeey. Hao 


20 to 11 June, VAC & SEMI 88 


Exhitition, Scottand 
Tel: (01822) 614671. 


416 to 17 June. Furmpean Conference 
On Veficte Electronic Systems, 


Coventry, Tes: (G1372) 367000. 


17 to 1H June. Government 
, The Royal 


Cempuime Sho 
Horticultural Fail, Lonion. 
Tet (0271) 537 1554. 


ad to 18 June. Business 


ett nce, O mp Lape 


fat 381) ‘87 


L r. 25 June. ae Telecom 


fyihition ant Conference, 


Binningham. Tel: (0181) 742 2898. 
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inclusion in ‘Diary Bates’ in: News 
Ediics, Fertonics and Beyond, FO. 
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swadtingion@ch.compulink.co. uk. 


into che market alter 1st Jume, 1994. 

Lip to three grand prizes of aimost £130,000 each 
will be awanted to the overall winners and 4 further: 
25 ninners-up prizes of £3.300 will also be awarted. 

One such inhovarive product was the 
MoadelMaker from UK based company 3D Scanners 
which was a Grind Prizewinner i 1996. The 
ModelMaker produce was the first hanclhetd device 
that cain accurately, aad quickh, scan physical objects 
to mzke colour 3D computer molels. 

The closing date for applications is 28 April 1998, 
by mail to the Europezn IT PrizeEurn-CASE office, 
28, Ruie Saint Dominique, 75007 Paris. 

Alremanvely, all information ts available an the 
Web at ww, it-prize.org. 


Swatch Talk Is the Talk of the 
Trendwaitchers at CeBiT 


The firs: Swatch with an integrated telephone, 
introduced ar the CeBit teltecommniunicuions show 
in Germany this nionth, was awurtled the ‘Best of 
Show Awa! by Byte Magazine. 

“Swatch Tak continues the tradition at Swatch of 
cutting edge technology with ciynamic, fun design,” 
said Nicolas Hayek, CEO of Swatch. “Now, the next 
time my watch tells me it is timc to call someone, | 
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: power deskiop PCs 

> and volume servers 

> anc worksiaions, 

2 This processor based 
: on the P6 micro 

: architecture, contains 


: the fucure. 


: Euro pe, Dr. Vu 


of the fastest Intel processors ever showr which, 
whee ihtrodtuced, will 


the design headroom 
loachieve more 
powerful systems in 


For the first time in 





: Showed a simulation of Intel's IA-G4 technology, 

: which will be used in Intel's forthcoming Merced 

: processor, scheduled for production on Intel 0.18- 

: micron process rechnology i in 1999, Dr. Yu 

: demonstrated haw IA-64 processor technology uses 
: anew design philosophy called Explicith: Parallel 

: Instrucdion Computing (EPIC) that overcomes the 

: perfoomance jimits of triditional processor 


= architectures, while mainraining full compatibiliry 


: with software that runs on Intel's 32-hit processors. 


Dr. ¥u-also demansined the Intel Celeron 


: processor for the basic PC market segment, 





: Scheduled for introduction in April 1998. 


The Celeron 
processer will bring 
the supeor floaring 
paint and multimedia 
performance of the 
P6 micro archiiecture 
1 leny-cose Basic PCs 
Intel. the worid's 
largest chip maker, és 
also a leading 
manufeturer of PC, 
nemorking and 
COMMURTAONS 
products, For further 
informaiian. check: 
wav, intel .com. 





Maplin Appoints Retail 
Operations Director 


Maplin has appointec! Graharm Caldwell as 
retail operations director, taking overall, 
respunsibility for che campanvy's 48 high 
strect oudets and three superstores. 

Sir Calciwell G9) brings to Maplin 
extensive senior level retail experience. His 
career spans management positions ac Office 
1. The Business Superstore, Texas Homecire, 
The Reject Shop and Safeway Foulstures. 

The role of rerail operations director is a 
new one, and has been created following 
Manlin's substantial investment in its retail 
portfolio. Of the company’s 31 retail 
outlets, 23 are either new or have been 
refitced in the last nwo years, reflecting the 
campiny’s focus on ihe srowth 
opportunities ofered by its retail arm, 

“Maplin's mage and vide appeal means 
that if occupies 2 unique place in high street 
and outofrown retail,” said Mr Caldwell. 
“My bricf is to capitatise on the many 
opportunites available to us, and one of my 
first steps will be to oversee 2 recruiiment ° 
and dévelopment programme which tmrecis, 
Himcis and reiains top performers at store 
manavement level and belaw.” 


Maple @ Maplin 


Maplin has signed an agreement with Maple 
Computers which will sec the development 
of Maple showrooms chroughout the 
chain's high street stores. As part of 
ionvard louking parinership, the two 
companies have joined forces in a bid to 
make buying computer technoloey even 
easier for ihe consumer: Maptin sales staif 
will be fully trainect in using the equipment, 
Which means that customers will have die 
advantage of roving out handse anc! 
multimedis 2 products before they buy. 

The Iniroduction of the ‘Maple @- Maplin’ 
initiauive coincikles with the launch of 
Mantin’s mail order citilogue on CD-ROM 
format Showroom installatians will be 
commeied by September, so in order to 
ensure that customers ger the chance to 
‘play’ with the new catalogue, Maple 
computers have been specially set up for 
demonstration in all the Maplin stores. 

Mapte, part of Canada’s larpest privately 
owned PC manufacturer, is ane of the UK’s 
fastest growing PC integrators. 
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Cordless Clarity At Maplin 


Recendy approved for use-in the UK by the 
DITs Raclin Cummunications Agency, the 
eight new chanacls allocated bervcen 
31MHz to 39MHz for cordless phones have 
been proved to maké a marked difference 
i line clarity, according to tests: cumied out 
in irelanct, Holiand and Spain. 

Purchasers of new cordless phones irom. 


" oe 
‘Clearsound 15007, 
Code NLOSH, £54.89 Incfuding VAT, 


. 


aplin Order WK 


Maplin will benefit significanily from clearer 
communicauon. The latest cange has 
models which remil irom prices under £50, 
all of which offer high specificatians hich 
conform to the new frecuencies. 

In he past, a cordless phone was virtually 
unusable outside 2 40m range, Users can 
now Move'up to 75m away fram the source 
ancl still have an extremely clear line, with 
barely audible interference. in fact, the 
siemal is so good thar at 40m the connection 
is a8 Clear as that af an actual land fine. 

Other sources of poteniial interference 
aroun the home are Auorescens iighting 
and refrigerators. However, with the new 
frequencies, these household hazards no 
longer pose 2 problem. making directional 
interference a thing of the past. 


PCs Get 
Extended 
Life At 
Maplin 

An estimated 60,000,000 
PCs Europe-wide are at tisk from 

the year 2000 problem. Given that 
solutions need to be considered sooner 
rather than later, then the latest picce of 
software from Maplin — ‘Prove Ir 2000’ — 
maybe the answer (onier cade DY02C price 
£34.99 including VAT). 
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A recent independent survey rited che 
2000 iest product number one out of 16 
rested [t is Suitable:for use on all [BM 
compatible PC hardware, comprising a 
single diskette which runs fram the floppy 
disk cirive. This ensures uvart it docs not 
interfere with the operating sysiem or hard 
drive applications. 

The user is guided through.cight simple 
test which include checking the real time 
clock, the BIOS and the operating system, 
as well as lean vear and non-leap year 
complinnce, Additionaily, a: hardware nepor 
gives a clear indication of pass or fail, with 
full explaination of each iest.In many cases, 
the BIOS problem will be automatically fixecl. 

The disk also contains 2 help file with 
additional telephone anct web sité 
w“dresses. Technical support and advice is 
supplied by Softbank Services Group. 


SVIA and SNIB Sub 
Viiniature Coaxial 
Connectors 

fwd nev ranges of S0W2 mininture RF 
coaxial connectors have been recency 
introtuced by Maplin. 

Manufactured by Vitelec Heetronies, the 
SMA and SMB connectors are specially 
designed fer relecommuunications, 
Insimumenration 2nd avserhigh frequency 
applications. They are particularly useful in 
Situations where space is limited and low 
VSWR is important. 





‘The use of briss hoxlies and PFE 
insulators make thesé connectors more cost- 
efiective than their stainless svee4 
counterparts. The SMA range is nickel plated 
and used at frequencies up to 12.4GHz, 
while the SMB series is gold-plated anc! 
operares up co 4G)iz, Both products have 
minimum matings of 500 cycles and utilise 
gold-plated pins and contacts, and are 
available in cable fixinc, pane] mounting and 
PCB mounting varieties. 

A selection of pre-terminared and fully 
rested! coaxial assemblies are also available, 
including a range of SMA microwave 
asscfMiblies that are. supplied with an 
individial performance plot and can 
Opente up 16 1SGHz, 


For iiore information, store torations and 


Maii/orter details telephone 01702 554002 
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ost of the previous 
episodes of this senes 
have each fooked ata 
specific class or ape of electronic 
secunty circus. This month's 
episadic looks at a miscellaneous 
collection of security circuits 
that can be used in the home, 
in commerce or industry, but 
which do nor fit into any of the 
specific classes of circuit 
descobed in earlier chapters. 
These circuits inclucle ones that 
are activated by the presence of 
a Liquid, steam, or gas, by sauncl, 
by the failure of ac power 
supplies, By the close of near 
proximity afa person or object. 
by a human touch, or by the 
breaking of an ultrasonic beam. 





Liquid- and Steam- 
Activated Circuits 


Basic Principles 

and Circuits 

Licpsict- ancl steam-activated 
circuits have several practical 
applications in the home and in 
industry. Liquid-acuvited 
circuits can be made to sound 
an alarm or activate a safety 
mechanism wien che water in a 
bath, a cistern or the liquid in a 
eink or vat reaches, or exceeds, 
(or falls below) a preset level, or 
when ficoding occurs in a cellar 
or basement, or-when an impact 
ware iS gencrated a5 2 person 
or object falls into ‘a swiniming 
pool or tank, cic. Steam- 
activated circuits can be made 
to sGund an alarm or activate a 
safety mechinism when high- 
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Ray Marston looks at a miscellaneous 
collection of security circuits in this 
penultimate episode of the series. 


pressure steam escapes froma 
valve or fracturect pipe, or when 
steam emerges from the spout . 
ofa kettle or container as the 
liquid reaches its boiling point. 

Impure water Gnctuding tp 
Water, sea water, aad mast rain 
water and steam) and many 
other liquids have a fairly low 
electrical resistance, but normal 
air has an ultra-high elecirical 
resistance. Consequently, ane of 
the simplest electronic wavs of 
derecting the presence or 
absénce of conductive liquikls 
(Or vapdsurs) 18 tO use a pair of 
metal prahes as sensors, and 10 
connect their Ourputs 20 
resistance-activated ‘switch’ 
qircuit in the.basic way shown 
in Figure 1. 

Here, when the liquid is in 
contact with borh probes 
simultaneously the probe-to- 


probe resistance is rekstively tow, - 


and under this condition the 
output voltage of the resistance- 
activated switch is also low, Bur 
when the licuicl is not in contact 
with both probes at the same 
time their probe-io-probe 
resiseunce is very high, anct under 
this -conditian the output 
voliage af the switch is high. 
The circuit’s output can thus he 
uscd fo activate an alarm Gr 
other device when the liquid (or 
vapour) is present or absent, or 
is above or below 2 preset level. 
in practice, the resistance 
appeadcing across the probes 
under the ‘contact condition 
depends on the tvpe of 
mediunt thit is being detected. 
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Activated 
*Switch’ 


Figure 3. 
Simple 
refay- 
output 
‘Tiquid- 
activated’ 
cireuit 
operates 
when Jess 
than 500k 
is applied 
across the 
probes. 


TOok 


tO 


ak 


Probes. 


In the case of rain or Lap water 
it may typically be i the range 
Hs82 to 10kO when the probes 
are 10mm apart, but in the case 
of steam or many oils die 
resistance may be several 
megohms or greater. On some 


applications, the metal contamer . 
‘or tank that hoids the 


conductive liquid can act as ane 
af the po metal ‘contact’ probes. 

Note that the above liquicd- 
detection technique is not 
suitable for-tuse with highiv 
vohiile, corrosive, or highly- 
resistive liquids, In such cases, 
the presencetabsence of the. 
liquid may best be detected by 
using 2n electromechanical 
methext, such 2s that shown in 
Fisuré 2, Here, the quid is 
contained in a sealed tank, and 
its level is sensed by a floar thar 
is anchored to a pivoted lever 
that drives a rad that passes out 
of the.top of the tank via a 
close-fining cube. The rod chus 
rises and fails in sympathy with 
the liquid level, and activares an 
external microswitch when the 
level anes above ar below some 
preset linit. 

Figure 3 shows 4 practical 
example of a simple non-latching 
liquid-activated circuit chat 
operate a rely when a liquid 
with a resistance of Jess than 
about 300k92 contacts both 
probes simuliancoush; ¢.g., 
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Figure 1. Basic 
‘electronic’ way of 
detecting conductive 
liquids via a pair of 
metal probes. 


Figure 2, Basic 
‘electromechanical’ 
way of detecting 
the critical level 

of a Hquid. 
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when the water in a bath or 
cistérn reaches a certain level. 
The circuit uses 2 12V supply; 
and the. relays RLA‘! contacts 
can be wed to activate atiy wpe 
of external elecirica! device. 
When the probes are open- 
circuit, O] and Q2 are cut off 
and che circuit consumes 3 
standby current of Jess than 
ImA, but when 2 resistance of 
less than about 50082 is applied 
across the probes sufficient 
current flows in OFs base to 
drive O1-02 and the relay on. 

Note iat the sensitivity of the 
Figure 3 circuit can be reduced 
by simply reducing the value of 
R1; the maximum resistive 
sensitivity is roughly 18.% RL. 
and falls helow 180kQ when R1 
has a value of 10kQ, and belos 
60kQ at an R1 vale of 3K3Q. 
Conversely, the sensitivity can 
be greatly increased by raising 
the Ri value and using a 


superipha-connected pair of 


transistors in place of 0}. 
Figure 4 shows how the above 
circuit can be modified in chis 
way, $0 thatit can be activated 
by probe resistances of up 10 


20M, epg., by steam or 


high-resistance liquicts. 


LIVi1830 IC Circuits 


When in use, iquidtevel detector 
dreuits of the simple apes shorn 


im Figures 3 and 4 pass 2 small de 
cucrent through the liquid under 
test. in theory, this dc current 
can resuliin an electroplatine 
action in which meuil slowty 
migrates from one probe to the 
other, eventually degrading the 
‘source’ probe. This problem 
does not occur if an ac test 


current is used, and a cleclicated 


‘Buid-level detector’ FC that uses 
this technique is widely 
available, a1 modest cost. Such 2 
device as manufactured by 
National Semiconductor and is 
known as the £41830 — Figure 5 
shows the outtine and simplified 
internal circuit of the IC. 

‘The L\U830 can be used to 
detected and indicate the 


presence or absence of water or. 


any other liquid that presents a 
resistance of less chan 100kQ 
henween its pin-10 (detector 
input) ancl pin-11 (GND) 
‘probe’ points. The IC houses 
an oscillator (which gives uc 
drive to the waterdetecting 
metal probe}, a 13kKQ reference 
resistor, 2 balance detector, ane! 
(available on pin-12) an open- 
collector npn common-emixer 
OUIpUL stage that can sink up to 
20MA maximum, The oscillator 
frequency is set vid an external 
capacitor (1nF pives 7kHz 
Operation) wired berween pins 
land 7, and the IC can operate 
from supplies in the 9V to 25¥ 
range an! consumes a ivpical 
standby current of 5.5mA. 
Figure 6. shows the E1830 
IC's basic application circuits as 
a low-liquid-level alarm with an 
LED output. The (a) circuit uses 
two sepaniue probes, one of 
which is grounded. bur in the 
(iy) circuit — in which the liqutici 
is stored in a metal rank — the 
metal storage tank is grounded 
and acts as one of the circuit's 
myo ‘probes’. The.IC's internal 
osallator is set at 7kHe via Ci, 


s4G¢UbEdérreedybeeden 


ORL Ledebess 


SSC S4 CREA bed 


bEdthbewdalberweibesssseees PEVEPERCI PSST IPED dae 


44h eT bb eh eee 


SOP TEE A babe 
H 


Se PERO eh eee 


adbeses 


Figure 4, 
Sensitive 
relay- 
output 
‘liquid- 
activated’ 
circuit 
operates 
when fess 
than 20M 
is applied 
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2N35906 


Probes 


Figure 5, Pin 
notations and 
simplified biock 
diagram of the 
LM1830 ‘fluid-fevel 
detector’ IC. 
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Probes 


(a) 
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Figure 6. Basic LM1836 tow-fluid-feve! warning clircult with LED 
output, using {a} separate probes and (b} a single probe. 





4b Pad baeeras 


shes SCeeEEiee 


PERT IISNEIICEICIISETitir titre 


Peade LEER beens 


Veanae 


St bIGEE Le bbde 


a#ePideapens 


PER eE ELI LEAa 


fur use in autompbile circuits, 
where — under very exceptional 
Circumstances — supply 
Wransients may reach peak 
values af 40V io 50N 

Finally, Figure 10 shows the 
relay-driving circuic moclified to 
give an overlevel warning 
action (in which the relay is off 
when the liquid level is tow) by 
using &pNn CaMmiMmon-emitzer 
amplifier O1 as the relay driver. 


A Gas-Activated 
Alarm Circuit 


Leaking highly-fammable eases 
such as iso-Dutane, methane 
(natural or ‘town’ gas), 
hytirogen, and ethanul, cic., all 
present potentially explosive 
and life-threatening hazarils. 
Fortunately, they can easily be 
devected — even in gas-to-air 
concentrations of Jess than 0.5% 
— by a simple, and easy-rotuse 
device, thar is readily available 
from miajar component 
suppliers and is known as a 
“hotwire® gus sensar. The heart 
of this sensor is 2 coil of fine. 
platinun? wire chat is coatect 
with high temperature oxides 
and 2 special ‘catalysis. 
A hot-wire gas sensor actully 
consists of a pair of chermalty 
matched hot-wire elements, 
one of which is gas-sensitive 
anc is known as the ‘detector’, 
anc the other of which is not 
pas-sensitive and is known as 
the ‘compensator’. In some 
cases, the matched ¢cletector 
and compensator are supplied 
as individual units, which sre 
each enclosed within an 
individual fire- and explosion- 
proof wire mesh. and in others 
they are combined in a single 
unit and share a common 
fire/expiosion-proof mesh. In 


be uscd in the basic circhit 
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: either case, they are meant ta 
: shown in Figure 11. 


probe is taken to the pin-10 
‘detector’ input and is ac driven 
via C2 and the internal 13kQ 
reference resistor. When the 
liquid level is ‘high’ (ie., in 
contact with the probe) the 
probe-to-ground résistance is 
below the 13kQ reference 
value, and under this condition 
the output LED is off When the 
quid level is low the probe-10- 
ground resistance is high 
(greater than the 13kW 
reference value), and uncer this 
condition dhe output LED is 
driven by a 7kHz squarewave 
Signal.and thus ilhiminares. 

The basic Figure 6 circuit can 
be usefully modified in a variery 
of ways, as shown in Figures 7 to 
10. Figure 7 shows it modified to 
give an audible 700Hz tone 
output (set by C1) into an 
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The LM1830 iC has a mean 
OuLpuL current lintit of Z0mA 
maximum, ant Figure 8 shows 
how the available output power 
can be boosted via an external 
emitter-follower stage. The IC _ 
can be used with an external 
(rather than the internal) 
reference resistor of up to 100kQ 
maxim (Ka? minirnunt), to 
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Figure 7. Low-fluld-favel 
Warning circuit with 
TOOHZ tone output. 





enable it to test liquids with ° 


resistance values of up ta 1OOkQ. 


Figure 9 shows the circuit 
modified to give relay output 
drive via pnp emitrer-follawer 
1, by using C3 to convert the 
output-stage driving signal 16 
de. This circuit also shows 
suppiy-line transient protection 
given to the IC via R1; this 
modification is reconmended 
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In Figure 11 the compensatar 
(RI) and detector (R2) are 
wired in series io form a gas- 
sensitive potenuial-diviticr on 
one side of a Whearstone 
bridge, R3-RVI-R4 form an 
adjustable potential divider an 
the other_side of the bridge, 
and RV1 is adjusted so that Vout 
is normally zero. The 
compensator and detector have 
a tow hot-wire resistance, and 
when wired as shown, and 
powered from a. suitable valtase 
soutve (typically 22V ar 3V ac 
or tic}, pass 2 current (eypically 
150mA to 400mA) that raises 
the hor-wire temperature to 
about 350°C in yus-free air. 

The resistances of the 
detector and compensator both 
vary with ambient temperature 
and humiclity tevels, erc., burt 
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are matched so thar they vary 
equally in-both devices, so that 
(when wired as shown in Figure 
11) they maintain a constanz 
division ratio in the absence of 
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out its voltage and current 
ratings, With that current rating 
in mind, select zt suitable 12V de 
power supply. Now — without 
wiring Uie gas sensor in place — 


Figure 8. Low-fluid-level warning circuit with external 
reference resistor and boosted audio output. 


gas. When gas is present, he 
detector’s special cazalysis 
effectively, but safely, burns the 
gas thal strays within the safety 
mesh and which surrounds the 
hat-wire, thus raising the hos- 
Wire's temperature and 
resistance, thereby reducing the 
voltage appearing on the 
detcctorfcompensator junction 
and upsetting the balance of 
the biidee. This action typically 
makes the circuit’s Vout vatuc 
fall hy ahour 25m¥ ar gas 
concentrations of 4000ppm 
(= 0.4%) with methane, or 
2000ppm (= 0.2%) with 
isohutane. 

Fivure 12 shows the circuit of 
q practical os alarn: that is 
powered via an external 12V de 
supply and which drives 2 
readv-built, solid-state 
commercial alarm/siren unit 
under the ‘alarm’ condition. 
Here, the basic gas detector 
{which is similar to that of the 
Figure 11 circuit} is built around 
R2-RV?-R3-RE-R5 and is 
powered via a stable low-voltage 
de supply derived from the 12V 
ling via voltage regulator iC, 
and has iss output fed to the 
alamy/siren unit via vole 
comparnitor iC2 and transistor 
switch OL. The circuit's action 
is such that the voltage on pin-2 
of 1C2 is normally about 25m¥ 
above that of pin-3 (serrable via 
RV2) under ‘clean air’ conditions. 
Under this condition, [C2‘s 
ourput is low and Oi and the 
tlarmSsiren are off, but the pin-2 
volraze falls below that of pin-3 
when significant.gas 
concentrations are detected, 
and under. this condition IC2’s 
output switches high and drives 
Q1 and ibe alumi/siren on. 

Before starting to iruild the 
Figure 12 circuit, first joeute a 
suitable hoc-wire 23s sensor 
(order code FMS7U) and find 
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build ithe [C1 valuige regulator 
seaion of the circuit, aking 
care ta firICLio a heat sink that 
will dissipate EW’ per 10O0mA of 
working load current, and then 
power ir up and trim RV! so 
that GQvhen powering a dummy 
load) it produces the precise 
specified working voltage of the 
vas sensor (usually 22V or 3¥). 
Now build the rest of the 
Circuit, fiz the gas sensor in 
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place, power the circuit up, and 
trim RV2 se that the alanm/siren 

is off. Let the unit wan up for a 
minute or ovo, then — using a 
high-impedance cieits! 
muicimecer— trim RV2 so that 
pin-2 af IC2 is 25m¥ above that 

of pin-3. The unit is now set 

and ready for use, and should 
activare ihe alarm if the sensor 

is temporanily placed in a box 

anc exposed to a modes 
concentration of gas (such as a 
brief squint of butane gas) for 

half a minute or so. Nore that 
most flammalte gascs are 

heavier than air. and that in 
normal tlontestic situations the =: 
gas sensor should thus be : 
mounted 2 few inches above 
floor level, in a position where 

it is unlikely to be damaged by 


passing feet ar by the 
movement of furniture, etc, 


A Sound-Activated 
Switch Circuit 


Priog to the advent of mocem 
higchh-reliable PIR movement 
detectors, suund-activaceed! 
alamis were widely used in 
commercial sccitity systems. 
Most of these alarms were easily 
laise-triggered Liy the natural 
sounds that occur inside 
buildings (such as the cracks or 
proans that occur as 2 buildiag 
cools a1 righ: Or warms up in 
the moming}, or sounds 
originate outside the buildings 
but are audible within them 
(such as loud tniffic, aincrait 
noise ar thunder). in same 
systems, the Litter problem was 
overcome by using internal and 
extemal sound detectors and — 
by using sound-fevel 
comparison techniques — anly 
activating the alarm if the 
internal sounds were louder 
than the éxternal ones. 

Today, sound-acuvared alarms 
are rarely used in security 
systenis, but sound-activate 
switches are widely used. They 
are usec mainly.as relay-driving 
‘precautionary warning devices 
that switch on a security light 
andor a pre-recorded ‘verbal 
wining’ message, Or activate 3 
sound- or videoteterder 
sysiem whenever a suspicious 
sound is heard in a protected 
area. in most of these sound- 
activaredl switches, the sounds 
are picked up via a cushion- 
mounted electret microphone 
insert (which thus responds 
mainly 10 airconducted — rather 
than structure-conducted — 
sounds) and the resulting signals 
are then ampified. converted to 
dc via a rectifier and filter, and 
then fed to a non-iatching retav- 
driver via 2 special signal- 
conditioning circuit. 

Figure 13 shows 2 practical 
relay-cdriving souncdaetivatred 
> switch circuit that is powered 
> from 2 12V de supply. Here, the: 
cushion-mounted eléectret 
microphone insert is powered 
from a stable 4.7V supply 
derived from the + 12¥ line via 
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Figure 9. Low-level warning : 
circuit with relay output and : 
supply-transient protection. : 


Figure 10. Over-ievel 
warning circuit with 
relay output. 
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Figure 11, Basic Compensator 


#as detector circuit 
using ‘hot-wire’ gas 
sensors. 
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Zener diode ZD1, asl has its 
output amplified by common- 
emitter amplifier Q1 and then 
passed on to the pin-3 input of 
the 3240 ap-amp via C3-R5. The 

3149 op-amp cin respand to 
input signals all the way down 
to zero volis, and in chié circuit 
is used in the open-loop voliage 
comparator mode and acts as 2 
supereifident high-gain signal 
rectifier that has its ‘threshold’ 
level (and thus the circuit's 
sensitivity) fully variable from 
zero to +200mV via RVI. The 
diodes D1-ID2 ac as clamps that 
fimit the pin-3 peak-to-peak 
sigoal ampticudes to safe values, 
and must he germanium or 
Schottky (rather than silican) 
signal diodes. 

In Figure 13, D3-RE-C4R9 
and R10 act as the unit's special 
rélay-driving signal-conditioning 
crcuitn. Here, D3 and C4 peak- 
detect che pin-6 output voliage 
of the 3140 op-amp, and C4’s 
resulting charge provides buse 
drive to rélav-driving common- 
emitter amplifier Q2. Note that 
C¥s ‘charge’ time (which proteas 
the circuit againse activation by 
brief noise traasients) is 
conuollea! by RS. les ‘clischarme’ 
time (which ensures that — once 
they have been tigeered an — | 
2 and RLA only turn off asain 
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Fifure 13, 
Practical 
réelay-driving 
sound- 
activated 
switch circuit. 
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when all noise tigger signals 
has been absent for a few 
seconils) is controlled by R9, 
and that these components 
provide the circuit with good 


immunity to Lalse-triggering and - 


relay-chatter probkems. 

‘To set up the Figure 13 circuit, 
connect an analogue cic 
volimeter benveen pins 6 and 4 
of the 3140 op-amp, then trim 
RV? so that the meter reading is 
zero at low sound input levels, 
but rises high enough to activate 
Ql and RlAat the desired 
‘tigger’ souncd-ampliiide level. 


Power-Failure 
Alarm Circuits 


Elecizical powerfailure atanns 
can be made to activate when 
ac power is removed from a 
deep-freeze unit, or when a 
burghar dcliberarely cuts the ac 


power lines, or when a machine. 


overloads and blows its fuses. 
Figure 14 shows 2 very simple 
relay-nutput power failure alarm 
that can activate any wpe of 
external alarm device via the 
relays contacts. Here, the 
powerline input is applied toa 
step-down transformer that 
gives an Output of 12V at 
id0mA. This output is halfewave 
rectificd by D1 and smoother 
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by CT, and the resulting de 

directly powers the coil oF relay 
RLA, which has-a coil resistince 
of 2200 or greater. RLA has one 


or more sets of nc. change-over. 


contacts that cin be used to 
activate an extemal alarm device. 
Thus, when ac power is 
applied to thé Fisure 14 circuit 
the relay is driven on and 
contacts RLA/T are open, and 
ithe alarm is thus off. This circuit 
typically consumes abyout 
520mW from the ac power fines 
wocder this condition. When ac 
power is removed iram the 
circuit, the relay turns off and 
its RLAA) contacts ciose, thus 
activating the external alarm 
Figure 15 shows 2 power- 
Failure alarm that produces an 
oyput in a reach-buile pieza 
siren unit. Here, when ac power 
is applied io the circuit, the ac 
input is stepped dawn to i2V 
by Ti and is recuified and 
smoothed by D1 and Ct, and 
roughly 12V de is developed on 
the B1-D2 and D2-D3 junctions, 
and LED1 is Hluminsatedd via R1. 
Under this condition Q1 is: 
driven to saturation via R2, and 
Q's collector pulls che R-f-R5 
junction down 10 nearzero 
volts. As 2 rsult, zero‘base drive 
is applied tw O?, so the piezo 
alarm is off and no current is 
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drawn from the 9V. batter: 
When ac poweris remover! 
from the circuit's input, RT- 
LED} rupidiv discharge Ct, and 
the D1-D2 junction quickly falls 
To zero volts and.Q1 ourns off: 
under this condition current 


_ Feaches Q2's hase from the 9V 


barery via D3-R4-R5, and Q2 
and the siren thus turn on. 

Note that the Figure J5 
Circuit can. if desired, be used 
with higher batrery anc T1- 
secontlary voltages, provided 
that the resulting V1 volage is 
at least 2V greater than V2 (the 
battery volrage). 


A Proximity- 
Activated ‘Alarm’ 
Circuit 
A proximitv-activated alarm is a 
circuit that activates when a 
person or larre cbject touches 
or comes close to a sensine 
antenna. The antenna my 
simply consist of a length or 
loop of wire, or may be a metal 
object (such as 2 shéet of foil or 
wire suesh hidden under a 
carpet, # safe, or a storage 
cabinet) that is conriected to 
one end of a wire antenna. 
Most proximity-activated 
alarm cincuits work on the 
‘apacitive loading principle, in 
which the xin of an LC 
oscillator is adjusted to a critical 
point at which oscillation is: 
barely sustained, and in which 
the antenna forms part of the 
oscillator’s tank circuit, anck in 
which the cincuit’s OV supply 
line is grounde<!. Consequently, 
any increase in the antenna-to- 
ground capacitance, such as is 
caused by touching or nearing 
the antenna, causes enough 
daniping of the tank circuit to 
bring the oscillator gain below 
the critica! level, and the 
oscillator ceases [lo operate. 


This cessation of oscillation is 


then used to make the alarm 
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Figure 14. Simple relay-output ac power-fallure alarm. 
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generator activate. 

Figure 16 shows a praciical 
relay-autpul proxiniity-activatec! 
alarm circuit that uses die 
above operating principle. 
Here, transistor O1 is wired! as‘ 
Colpitts oscillator, with gain 
adjustable via RVI, and the 
amenna is coupled 1c 1 base 
via C5. The auiput of this 
oscillator, which operates at 
abotit 300kHz is made available 
at 3 low impedance level across 
R4 via emitter-follower Q2. This 
signal is rectified and smoothed 
vit the C1-1D1-D2-RG-C7 
necwork, co produce a positive 
bias char is spptied to the base 
of 03 via R7, O3 is wired as a 
common-emitrer amplifier, with 
RS as its collector load, and Q4 
is wired 35 4 Common-emiuer 
amplifier with the relay coil 
used as its collector load and 
wilh O4's base connected 
directly to the collector of Q3. 

Thus, when the Figure 16 
circult is operating normally; the 
oscillator ourpui produces a 
positive bias voltage chat drives 
Q3 to-saturation and thus 
removes O's base drive; Of 
and the relay are chus off under 
this condition. However, when 
the circuit’s -uncenna is touched 
or extemalhy loaciect, che 
oscillator ceuses to Operate so 
removing 03's base drive. Q3 
then turns off, so O4 is driven 
tO Saturation Via R8, and the 
relay is hus driven on under 
this candirion. 

Note that the 01-02 section 


Figure 16, 
Relay-output 
proximity- 
activated 
alarm clreuit. 
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off again if the touch is 
removed; if necessary, trim RV1 
for maximum sensitivire 

The final sensitivity of the 
Figure 16 circuit depends on 
the setting of RYE and on the 
size and nype of antenna used. 
ff the antenna is very small, 
such as a short length of wire, 
the circuit will act as little more 


VY1=12V D2 


1N4001 


than flexible:or mobile) contact 
point, such as one or more 
metal studs. The best circuits of 
this eype work on either the 
capacitive loading principle 
described in the preceding 
section of this article, or, if they 


: -are designed for-use only in the 
; general vicininy of ac power lines, 
: are activated by the powerline 
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Figure 15. Power-fallure alarm with a piezo siren output. 


of the circuit is powered via a 
6,2¥ regulated supply formed 
by R5 and ZD1, thus enhancing 
the oscillator's stabilir. Also 
note that D1 and D2 must be 


> germanium or Schottky signal 


: and rencting D3 from the circuit. 


diodes, «nd that the circuit can 
— if desired — be used to give a 
direct -clriven ‘siren’ output 
(via a ready-buiir piezo alann 
modute} by simply using the 
siren micxlule in place of RLA 


To set up the Figure 16 
circuit, simply connect 2 
suitable antenna, trims RV1 so 
that the relay turns on, chea 
back RVi off slighdy so char the 


> relay just turns off again. Check 
> that the rely turns on again if 
? the antenna is touched Gr 


closcly approached, andi goes 
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than a touch alarm, but if the 
antenna is a large sheer of metal 
foil or wire mesh, the circuit 
may be sensitive enough to 
activate when a person 
approaches within 2 foot ar two 
of the antenn::. fr pays to 
experiment with different types 
of antenna, to get the ‘feel’ of 
the circuit, Remember, that the 
antenna must be well isolated 
from grouncl, and that the 
circuit's OV rail musi be wired 10 
an éffective sround connection. 


A Touch-Activated 
Circuit 

Jouch-activated circuits are 
imended to perfurm some kind 
of swirching action when a 
person touches a hxed (rather 
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radiated ac Shum’ that is picked 
up by:an elecuical contact when 


> touched by a human finger. 


Fieure 17 shows a2 practical 
Circuit of the lateer type. 

The Figure. 17 *hum- 
detecting’ circuit activares relay 
RLA-when 2 finger touches a 
single metal stud or contacs 
point, and is designed around a 
CMOS 4001B quad 2input NOR 
gate IC and transistor O01. Here, 
gare 1C 1a is wired as a simpic 
puise-inverting amplifier and 
has its high-impedance input 
terminal taken to the metal 
touch contact via R2:; the 


i contact is biased high via RI, 


and ICia’s qurput is cus 
normally low, When a human 
finger touches the circuit's 


: contact terminal, its induced zc 


OV (Ground) - 





IC1=4001B8F 


1N4148 


Cie 
470nF 


WAOV (Ground) 


Figure 17. ‘Hum-detecting’ touch-activated relay switch. 


‘huny’ signal reaches 1C1a’s input, 
is amplified and inverted, and 
appears as it large amplicude 
squareware at ICla’s output 
This squarewave is rectified anc 
smoother via DE-C1-R3, is 
buffered by gates ICib-ICle¢ 
(which act together as a non- 
inverting buffer, end then drives 
relay RLA on via R35 and O1. 

Note when using the Figure 
17 circuit that its 12V supply 
must be derived (via an 
isolating transformer) from the 
ac power lines, that the OV 
supply rail must be grounded, 
that the relay’s contacts can be 
used £0 activate extemal 
circuitry or alarms, etc., ad 
that the circuit consumes 3 
quiescent current of only ImA 
or so. The circuit's touch 
contact should not be larger 
than about 10cn¥ (10 avoid 
unwanted pick-up): if ihe 
contact is more than a few 
inches from 1€1a’‘s input 
terminal, the connecting leacls 
may have to be screened! 1 
avoid unwanted pick-up. 


An Ultrasonic 
‘Beam’ Alarm Unit 
This unit can be used in che 
same type of application as an 
FR fight-beam alarm, but works 


Figure 19. Retay-output 
ultrasonic beam 
receiver module. 
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On ultrasonic principles. It 
consists of an ultrasonic 
ransmitter (TX). operating at 
about 40kHz, whicli is aimed at- 
a matching relay-driving 
ultrasonic receiver (Rx) unit. 
When an ultrasonic link exists 
beuveen the Tx and Rx, the 
relay is off but when the fink is 
broken the relay turns on and 
activates an external alan or 
some other electrical or 
electronic device. This 
particulir unit is a very simple 
design, with a maximum 
aneriiing range of only a few 
nletres and is seitalde for 
security protection for passages 
aml open doonvays, etc. 

The unit makes use of a 
modestly priced matched puir 
of ultrasonic aransclucers of the 
ivype used in many remote- 
conirol applications. These 
devices are normally designeci 
iO Operate at about 40kHz, and 
consist of 2 dedicated Tx 
iansducer and a matching 
dedicated Rx wansducer. Such 
devices are reaclily avuilabic 
from major electronic 
component supplies. 

Figure 18 shows the circuit of 
the unit's transmitter module, 
which rypically consumes an 
operating currént of 2.5m 
irom a 9V supply or 3m from a 
#2V supply. Here, QT and O2 
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input of an amplifying detector 


Stage thai is built around Q2-Di 
and C2. Normuaily, when the 
beam is unbroken, the ouput 
of diis detector stuge is high, so 
O3 is driven to saturation and 
Of and the relay are cur off. 
When the beam is interrupted, 
ithe output of the detector stage 
falls 1a near-zero volts, so O3 
tums off and Q4 anc! the relay 
are Lummed on via R7. An 
external alann can be activated 
by the closing of the RLAAL 
contacts. Titus, RLA is normally 
off, but turns on when the 
ultrasonic beam is interrupted. 
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Figure 18. Ultrasonic beam transmitter module, 


aré configured as an emituer 
coupled oscillator. with the Tx 
transthucer used as the entivier 
coupling élemenr, so that the 
circuit oscillates at the 
tnsducer’s resonam frequency 
(aout 4OkKHz) and racliates 2 
matching ultrasonic signal. 

Finally, Figure 19 shows the 
circuit of the unit's receiver 
module. Here, the Rx 
transducer is pointed! towards 
the transmitter and responds to 
the Eransmitced signal in’ much 
the same way as 1 directional 
microphone. The ourput of the 
Rx transducer is fed directly to 
the base of common emitter 
amplifier O1, ancl appears in 
aniplified form at Q1 collectar. 
le is then fed, via C1, to the 
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The Figure 19 circuit 
eonsiimes a typical current of 
Sm froma 13¥V supply: To sec 
up the creuit, tum off the Tx 
unit, connet a cle vojuneter 
(with a sensitivity of at lease 
20RhO/V) across G2, then trim 
RV1 so that the voltace just falls 
fo neaczero; REA shoukt tum 
on under this condition. Now 
tum on ehe TX unit, aim it at 
the Rx unit, and check that the 
C2 voltage rises to at least 2V 
and that RLA turns off. 1 
desired, R¥1 can be further: 
rimmed to obtain absolute 
maxinium operating range. 

Next month’s concludine 
enisocde of this series will deal 
with electronic security circuits 
designed for use in automohiles. 
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n last monh’s Technology Watch, we 
examined the principles behind 
biometric validation, thar is using 2 
unique physical anribute to identify a 
particular person. This month, Fam going to 
look at something hosel related. 7Zitester 
has heen developed by Makh Shever, a small 
soltvare company in Israel, ancl is a rather 
unique Windows 93 program that claims to 
decermine whether an individual is selling 
the touch. Sounds like something out of the 
x Files, doesn’t it? Lic. detection isn’t 
umything particulary new, and pohpmph 
resting has heen 2 taal of the police and 
secret sernives for years, Traditional 
polyeraph lie-detection equipment, which 
sells for $10,000 or so, relies on the 
monitoring of various physical parameters 
including heardbeut, blood pressure and 
sweat: These might change if the subject is 
exhibiting the pressure, excitement or 
emotional conilict associated with fying. 
scnsors Strapped to the body measure 
these parameters. Sweat, for exampte, will 
change the electrical resistance of the skin 
by a snail, hue perceptible amount. The 
latter phenomenon forms the basis of all 
those simple ite detector:projects that you 
probably built when you were learning © 
thout-clecrronics. Unforrunarely, some 
people are more convincing liars — at least 
as far as polypraph testing is convemed. 
They miche not sweat so much, or their 
blood pressure might not increase 
sufficientiy to be registered by the machine, 
] can imagine that secret agents receive 
some kind of polypeaph deception’ uaining 
alone these lines: Doné propery, polhgrph 
testing is highly: comptex and has to rake 
into consideration ambient conditions and 
the physical properties of the test subject. 
At best, an accuracy of Gerveen 85% and 
90% can be achieved. Many peaple are 
understanchibly sceptical about polygraph 
testing, and the results cannes be 
submitted as evidence in a court of law. 
‘Touster, which was originally conceived 
for the questioning of terrorists, monitors 
another physical parameter in its search for 
the truth — the voice. Academic researchers 
have discovered that when under the stress 
associated with lying, the amount of blood 
catering the subject's jarvnx is involuntarily 
reduced, cuusing the voice to Rutter. 
However, thesc changes are too minute to 
be derectecl by human ears. These flutters 
provide all.kinds of infonmatian about che 
subjece’s emotional and physical condition. 
‘Truster’s patented voice analysts algorithms 
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tune in to these. and can hence differentiate 
heiween lying, and ner'ousness, emotional 
conflict or pain. Mlakh-Shever reckon that 
Trusier can detect whether the person you 
are talking to is hing, outsmurting you, 
exapverating, unsure of his words or ielling 
the truth. When vocal suress is detected, the 
appropriate message appears on the screen. 
These include "telling the truth’, high level 
of excitement’. ‘confused, subject is not 
sure’, “he/she is exaggerating’, ‘heing 
sarcastic’, ‘inaccurate’ and ‘false statement’. 
Once the conversation has ended, Truster 
produces a report for further cxamination. 
The software includes an aucomatic 
calibration system. anc the ability to filter 
out umwantedd background noise. 

Geuing the voice into the PC in the First 
piace needs nothing more complicated 
than a run-ofthe-mill soundcard. A 
telephone acdapror (hmm... is it BABT 
approved?) that plues into rhe soundcard 
and <illows telephone conversations to he 
analysed in real-time. Previoush-captured 
recordings and other sources {such as 
microphones) can also be handled. 
According to its developer . the basic 
version of Truster. which selfs on its web 
sile (iup-/Avwwiruster.com) for 3149, wall 
run quite happily ona P75 PC with 16Mb 
RAM. Ease-of-use is said to be excellent — 
justconnect up the audio source, start the 
progrim and “sit back and watch ihe 
screen”. We hope to test these chaints with 
a full review of the sofware in a future 
edition of Flectronirs. | 

There are two other versions available — 
‘Bigeer Brothers, if vou'll excuse the awful 
(but deliberate) pun! These offer more 
features, and ace priced accontingly. Thuster 
Pro (3749) offers additional analysis modes 
designe! for interviews and investigations, 
2nd will provide a detailed report on how 
each question was answered. Level 1 (2499), 
meanwhile, is a complex voca) stress 
analyser intended for ailvanved security 
and kev enforcement agencies. Most 
imerestinely, the lauer is claimed to work 
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with multiple participants. This has to be 
conductéd off-line, presumabiy because a 
lat of processing is involved. Versions af 
the software are aviilable for English, 
Japanese, Cantonese, Czech antl German 
customers, amongst others. Truster’s 
analysis process is reputedly language- 
incependentr, and so the muitiplicice 
mrobahly stems Irom user interface needs. 

The system was evaluated on hundreds 
of individuals prior to its release. Under 
carefull}-monitored conditions, they were 
told to read stories that conzaine<| obviaus 
false facts. Their speech was picked up by 
nicrophones connected ia PCs running 
Truster. An average 65% success rate was 
achieved — not bad, fora system that can 
be acquired for rather Jess than the 
polvgraph’s $10,000 asking price — even if 
the PC's purchase price is factored in. That 
85%) relates 10 Israeli rest subjects — 
Truster's developers found rar with the 
Japanese, the rmaie was closer 19 100%, 
Apparenuy, chis is because the Japanese are 
more selfcritical’! ‘Hruster is an excellenz 
example of PC application cdiversin: fits 
relatively inexpensive price makes it 
accessible ro consumers, anc not just putlget 
freaks, insurance companies and goveramen: 
departments. Do you have doubts relating 
to the faithfulness of your girlfriend or 
husbarki? Is that supposedly independent 
financial adhisor recommendinsg the right 
prexiuct for your needs, or is he/she siniply 
pushing the one thar pays the mosi 
commission? Have your kids done their 
homework on time? Can you rely on the 
accumo’ of the saurce you've been given, 
ar has heshe been pressusisec into lying? 
Should you place trust in this politician? Do 
vou want £0 follow this cleal through? 

All of these questians could be answered, 
to some degree, by Thuster. That said. 
Makh-Shever put @ disclaimer in the 
instruction manual 10 the effect that chey 
“will not bear any responsibility tor direct 
or indirect resulis from use of the systeny’. 
Out of interest, the Truster web site 
cofmiains an analysis of statements made by 
President Clinton an January 26th, These 
statements, made ata White House press 
conference, relaied £0 Clinton's alleged 
sexual relations with Miss Lewinsky. 
Truster's conclusion? “The subject 
never lied but apparendy there were 
SOME inaccurscies”. 


E-mail your: comments‘or.suggestions to 





Martin Pipe: al whatnet@rty Commvlink “ro-uk 








INTERESTED IN TECHNOLOGY 
AND LOOKING FOR A ‘CAREER 
IN RETAILING? 


WE'RE DEVELOPING OUR HIGH STREET BUSINESS: AND NEED TALENTED 
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STARTING SALARIES WILL DEPEND ON YOUR EXPERIENCE AND ABILITIES, OTHER BENEFITS INCLUDE 
SALES COMMISSIONS AND A COMPANY PENSION SCHEME, 


PLEASE SEND YOUR FULL CV WITH CURRENT ‘SALARY INFORMATION TO: KIM PATERSON, 
RETAIL OPERATIONS, MAPLIN ELECTRONICS, MAPLIN HOUSE, 274-288 LONDON ROAD, HADLEIGH; 
BENFLEET, ESSEX, SS7 2DE 


FAX: NUMBER .01702:558 467, ALTERNATIVELY CALL 01702 554 155 EXT 305 FOR AN APPLICATION FORM. 
INTERNET SITE: HTTP:/WWW.MAPLIN:CO.UK: 






AAAPLIN 


MAPLIN ELECTRONICS IS AN EQUAL OPPORTUNITIES EMPLOYER fh &TRONICS_ |_| 





©6©06086©668 6 € & BART 4 eeeonceocevecse 


by Harry Watkins 





Moré New Catalogue Items 


Digttal frequency counters 
Pocket sized digital frequency counters have 
been around for some time now. [ spoke of 
frequency counters In a previous articie so E 
wort gn aver the background information 
apain here. The first generation of counters 
have been significandy improved by adding 
extra features and refining old ones. For 
example, che first counters had LEDs which 
have long been replaced by |.CDs. This 
means easier to read displays ancl longer 
battery life. Also, their increased sensitivity 
dlows for bétter signal reception. 

Watson have just introduced a range of 
frequency counters onto the market at prices 
to suit anv budget or requirement Frequency 
counters are not only essential test 
instruments, Dut also make excellent cigiral 
displays for analogue transceivers, and of 
course they are used io find out the exact 
frequency of a transmission lor monitoring 
purposes. In some instances they can aid in 
the dérection of bugs. 





Maptin Order Code: 'NW37S: 
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The Watsan “HUNTER {Mapfin orcer code 


NW3/7S priced at £59.99) is a high speed 


frequency counter with 100Hz resolution and 
is within the budget of anv radio enthusiast: 

kt covers the very wide range of 10MHz to 
3GHz. It weighs only 2109 and its dimensigns 
dre FO(H) x 680) x 31(D) mm (excluding 
acrial}. There is a 5082 BNC socket on the top 
of the unit (7-section telescopic aecal 
supplicd). Also supplied are an interml 4 x AA 
600mAH NiCd battery pack, an ac charger 


(12-16 hours) and comprehensive instrucsions, 
The unit can also be powered by a 9V cc 


3600ma extemtl power supply (nor supplied). 
The Hurner features an 8-digit LCD, low 
power consumption giving an average six 
hour barerv life. The unit is easy to aperite 
with only a few simple controls. These are 
on/off switch and a hold bution for freezing 
the display when it locks onto a signal. There 
is also a calibration tirmmer for accurne 
frequency measurements: In use, once the 
batteries have been charged and the 2erial 
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connected, it is simply a matter of switching 
the unit on and seaiting. 

The next moxie! up in the range is the 
Watson *PC-130° (Maplin order code VNOST 
priced! ai £79.99) and is alrenciv a very ponulac 
frequency courter with ridio enshusitsts. fe is 
exiciiy-ehe sume as dhe Hunter but with che 
following extra features: covers MHz 1a 
3GHz, a 10-disit LCD, low battery indicator, 
an ultra sensitive synchronous detector, 16- 
secitan barermph io show RF signal strensth 
and a high speed 300MIHz direct counter with 
0.1Hz resalution and 4 selectable gate speeds. 
The range snitch should he switched to the 
300MHz positian for frequencies benveen 
IMBH2 anc 300MAz anc switched 10 the 3GHz. 
pasition for frequencies berween IOMHz and 
5GHz The gare button has four positions and 
selecs the garé or méasurenient time. A 
longer gare time means counting for a Jonger 


‘period andl results in higher accuracy. 


I finct that by using a known tminsniirter, 
such as my VHF hand held, I can test 
frequency counter and) quickly find out such 
information as best gare time £0 use and 
which ranze to switch the unit ta. But even 
without 4 transmider, it does nat take very 
much experimenting with the counter to get 
the best out ef the unit. 

The Witson ‘SUPER-HLINTER’ frequency 
counter (Maplin order conte NW3SR pricect att 
£149.99) is the 10) of the ninge., Ir boasts an 
enommous 0s 10 3GHz frequency coverage. 
it weighs 250¢ and measures 100(H) x 650%) 
x 31¢D)oun (excluding aerial). There is a chal 
purpose (via switch) BNC sovket on tap of 
the unit (-seciion telescopic aerial supplied) 
giving 5082 input for ranve IMHz 10 3GHz 
and 1MQ input for range of 16Hz to 50MBz 
Also suppliect aré internal 4 x AA G00mAH 
NiCd battery pack. an 2c charger (12-16 
hours) and fully comprehensive instructians. 
The unit can aiso be powered by a 9V de 
300mA. external power supply (not supplied). 

The Super Hunter feacures 2 10 cligit LCD, 
low power consumption giving average Six 
hour banery life There is an LED back Sight 
for the display, a hofd button co lock che 
display :ts well as an automatic hold, a low 
baitery indicator, anda beeper. This unit 
measures frequency and period with 


: -+selecrable gure speeds. Ir has a i6-séction 


| Maplin Order Code: NW42V, 


bargraph to show &F signal strength, a high 
speed 300MBz direct counter with 0. LHz 
resolution and there is even a built in filter 
which prevents the display of random noise. 
The function button selects the frequency, ar 
pericx!, and has four settings. One each for 
displaying frequency, or period, as these are 
recenved, and ovo seuines for auronnitic hold 
of the first frequency ar period caprured. 


General notes on 
frequency counters 


When using a frequency counter with an aerial 
for signal pick-up, random courts may appesr. 
This is normal, and is due to the high gain 
amplifier circuitry amplif\ing weak signals and 
noise in the absence of a strong, readable signal, 
Never exceed the maximum sional input tevel as 
internal cance will occur. - 

The supplied telescopic aerial is the best 
far general purpose use. This is because its 
length can be adjusted to suit the frequency, 
AS a rough guide, collapse the renal to its 
minimum length for UNF and fully eaend it 
for HF and VHF. An alternative resonant aerial 
mav offembetter results in some cases. 

The most offen asked question regarding 
frequency counters is how far away from the 
transmitier will the counter work. The 
distance that the counter can read signals 
depends on many factors, such as type and 
location of transmitting derial, rransmiteer 
QUIPUL power. type of receive serial and any 
bhsmecles in dhe way of signals. Some evpical 
distances are: Cordless phone ~ 0.3m, Cellular 
phone — 3-20m, CB rilio —-28m, VHF and 
UBF wo way radio 3-30m. 





Transceivers 

and receivers 

The EUROSONIC KH-104 80-channel 4 FM 
hin heid CG transceiver (Maplin order ccxte 
NWB2V) is priced at £129.99, This is the first 
ofno doubi many hand held CB’s with all 80- 
channels on it. We touked az 80-channel 
mobile CBs in part 4so no neei ta give the 
background again. Suffice to sav that the 
frequencies are split into po seo of 40 
channels (UK) 27,601MHz to 27.99 MHz and 
(EL) 26.905MHz to 27-{05MHz. All the 8G- 
ch:imel CB's:are only Jegal for use in the UK. 
SO beware if you tke your car abroad and 
forge: vou have it installed in your vehicle. 

On taking the unit out of its box the first 
thing f noticed was its verv small size 
compared with what the older 4O-channel 
ony type transceivers, it measures 147mm(H) 
x 65mm (WW) x 35mm (D) and weighs just 
200g without batteries. The unit is supplied 
with a fexibte serial, belt hook, curyiag srep 
and dry cell case for 8 x AA lxutteries (batteries 
not supplied) and, of course, instruction 
book anc warranty carL The unit can also 
operute from 6.5-15.4V de. There are sockets 
tor microphone and speaker; or earpiece, anc 
for the chargerexrernal cle supply. 

The controls are simplicisy itself, on the top 
of the unit are the mvp knobs for on/olf 
volume anc) squcich, just wheré | like to see 
them. On the side of the unit there is a PTT 
switch where the thumb naqurally rests when 
hoklne the mdio, anc! just above the PTT, 
bere sire vo more buttons for channel up 


small bees bbeeee 


iieeee 


and channel down. There are six other. 
buttons on the front of the ridin, Urese are 
for fast channel recall, key lock. highdow 
power, beep on/off, scan-key for Scanning 
¢hrouch the channels and dual watch for 
fionitoring two channels at the same time. 
There is also a back Beht for the LCD anc 
channel 9/19 emergency Switch. All-in-all this 
i§ 2: super transceiver whether you need 10 
use ane irequenth; or just to keep in the 
glove bax ofa cir for an emergéncy An 
excellent buy 

The Track Air TAD-2 (Maplin order cexle 
NW464) sells for 49.99 and is what the 
airband fratemity has been waiting a long 
time for. This realistically priced digital 
dirband receiver measures a comyxict, pocker 
size 63mm (W’) x 115mm (H) x 20mm (D)— 
excluding retractable telescopic aerial, There 
is 43.5mm stereo headphone socket anc 
earphones, and the unit is powered fram 2 x 
AAA sve banreries (not supplied). ts 
frequency coverage is: FM — 88 1at08MHiz in 
50KHz steps. FM2 — 108 tol40MHz in 5OKHz 
Steps, AM] —.168 to E24MHz in 12.58Hz stens 
and AM2 — 124-140MHz in 12.5KH¢z steps. 

A switch on the side of the unit selects 
either the builtin speaker or the earphones, 
ind also che aerial from the built-in rod to the 
headphones allowing vou to listen with the 
rod aerial folded away. There are also switches 
for on/o# anc kev lock. The unit has five 
memories selected by individual buttons on 
the front of the unit-Addditionally chere are 
m0 extra buttons for switching beinveen the 
four bands ancl for writing to the memories. 
The rorry solunie control is conveniendy 
situated on the top of the unit. The up/down 
frequency bunons are locued on the front 
panel next to the LCD. A mono/stereo switch 
enables interference free listening ta weak 
stations. | amy sure chat this receiver will soon 
be a regular sicht both a: air shows and the 
viewing galleries at vour local airpon. 


Maplin Order Code: NW46A. 
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Demon News 


Demon Internet has, by 
‘the. time you read this, 
undergone a major upgrade 
to its Usenet News service 
to help eliminate speed and 


propagation issues. The new : 
service is based on Nefwork ; 


Appliances file servers. Like 
the service it replaces, the 
new News service uses 
multiple front end servers 
to support customer 
connections, which allows 
simple expansion in 
customer connection 
capability, but has the 
additional power needed to 
Support ever grawing 
demands being placed on 
Demons News Services. 
The new News service is 
necessary not only because 
of greater numbers of users 
signing up with Demon, butt 
also because of the huge 
increase of ‘spanr' that is 
infiltrating UseNet News 
services everywhere. 
Apparently, Demon has a 
daily volume of news which 
peaks at around 22Gb, Of 
this, only 40% comprises 
fenuine news articles. 


Netscape Plans 





Some 30% is of spam and 
other unwanted content, and 
the remaining 30% is cancel 
messages to cancel spam. 


Free for all 


There’s been a slew of 
internet service providers 
who want to get in on the 
free email bandwagon 
recently. None bigger than 
BT, which is to launch 


-Milf-e-Mail later in the year. 


Part of BT's Millennium 
programme announced in 
February, Mill-e-Mail is 
World Wide Web based, . 
which means that users can 
access the service from 
anywhere in the worid they 
may visit as long as they 
can get Internet access. By 
being Web based, email 
services like this ensure. 
that users aren't tied to 
specific access points such 
as the office, or home. An 
added bonus is that any 
other ofa user’s email 
accounts can be accessed 
at the same time. 

For education users, Mill- 
e-Mail offers schools and 
colleges the opportunity to 


To Boost Internet Service 


Netscape al www netscape.com is planning to expand its 
Netcenter sité into 2 major intermmer gareway, positioning it in 
direct competition wich Yahoo!, Excite, America Online and 
Microsoft. The redesigned site will include more community 
features such as discussion groups, and Netscape is looking ar 
ways to offer free e-mail service to users: 

The move signals the consolidation of Web traffic around a 
few majar"hubs’, which serve as the initial log-on point for Web 
users. Netscape already ranks number two in visitors, with 23.1 
million users in Februar: second only to Yahou!. 
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control mail and folders. 
Every student in a school 
could therefore have an 
emai! folder, setup and 
maintained through the 
school account. Teachers: 
can then also block email 
from known offending 
domains or allow email only 
from approved correspondents. 
A related free service for 
Websites has been 
announced by Zyris. Its 
ZyWeb service (that's 
pronounced z-eye web, as in 
high web) offers a free. 
Website to everyane, simply 
by logging your computer 
onto the ZyWeb Website at 
<http://ywew.zy.com> and 
signing up. The free Website 


: is offered under the ZyWeb 


Lite service, in which you 
can use the In-built Web 


: design tools to create your 


own pages. You can give ita 
URL that even contains your 
own name. ‘ZyWeb. Lite offers 


7 2Mb of Web space, one 
email address and @ limited 


number of nage design 
templates. Your free pages, 
however, have to carry 
banner advertising from 
advertisers (that’s what pays 


: for the free service). 


-ZyWeb Home costs £48 a 


- quicktime/>. 
: delays, though. It's a 6Mb 
: plus download, and literally 


° year and offers 5Mb of Web 


space, 50 Web page design 
templates, 5 email 


: addresses, and you can 


remove the banner 


- advertising of the Lite 
: version. A third version, 
. ZyWeb Business costs £200 


a year, with 1OMb of Web 


space, 10 email addresses, 
: feedback farms for customers 
| and other benefits. 


GuickTime Out 


QuickTime 3 has been 


. officially released, and it's 
- available far free downlaad 


at <http: //ww.apple.com/ 
Expect huge 


millions of people have 
already downloaded it, Both 


| Mac and Windaws formats 


are available and, as it’s 


: been recognised by ISO as 

: ‘the basis for the new MPEG-4 
: unified digital video storage 
: mechanism {as reported 

? last month), it represents 

: the future for multimedia on 


iBM-compatible personal 
computers as well as 
Macintosh personal 


computers. Get it, while 


it’s hot! 


New Tool To Stop Junk Mail 


sendmait| 


! delivzis the implaroeni*i nail 


Ammemetiog... Sendmaél Inc. 
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A new version Sendmail at 
wra,sendmail,com, the 
sofware used on about 75 
per ceni of the message 
routing computers on the 
Internet, will offer a number 
of feazures 0 black 
‘spamming’, including the 
ability io refecc mail from 
known spam addresses and 
to force spamme#rs:to reveal 





their irue Internet acicresses. 
Eric Allman, who wrore the 


: Sendmail program while 
Working a5 2 programmer at 


the University of California ac 
Berxetey, is also creating 
Sendmail Inc to seil sofeware 
End support Services Lo 
businesses, while continuing 
to clevelnp new features for 
the free version of the software. 





‘WebTV and BT Begin UK Trials 





Microsoft's WebTV Netwarks 
at Www.webty.com :nd BT ar 
www. bt.com hare announced 


BT Internet, 
The WebTV Neaworks trial. 
service will incorporate UK 





E-Mail is Necessary but ‘No Longer 


Sufficient 


E-mail, 2 rool that has become 
necessary and critical aspect 
of business communications, 
is no longer sufficient for 
many users according to TDC 
at Www. ide.cem. ‘This 
research reveals demand is 
on the cise for products that 
olter broader functionality 
through seamless integration 
benveen e-niail anc other 
applications.. 

“During the. past two years, 
the e-mail software market 
has been turned on its bead 
by the rising demand for 




















= proxtucts supporting Inrernet 
> standards,” said Mark Levitt, 
research manaver of [DC's 
Cojlaborative-and Intranet 
Computing résearch service. 
“For-ventors that have 
focused exclusively an 
Internet €-mail, this 
development has been a 
double-edge sword; it has 
confirmed the correctness of 
their product strategies: Ar 
the sdme-timeé, it has created. 
: a host of new, masily larger. 
competitors sith products 

> far Internet e-mail.” 
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core technology and plaviorm 
nanigement. While BY 
will provide access through, 





Intemet Service providers and 
equipment vendors are waming 


to reach this new audience 
with thelr existing Web sires: 
without modification. 


For instance ULNet 





applications are straining current 
téchnology, and tivia it is difficult 












































Technologies at wey. uunet.com 

? sepons thatdinternet traffic used 
| tO double every year bur now its 
‘doubling every three w'six months: 
iSPs complain that rew vicieo 


Downipadable Maplin 
data sheets :are nov, 
available ‘on:jiné from 


that Interne: banchwidth 
demunds are crowing much 
fister than the capacity of 
imtemet backbories. 


10 build up the backbone 
without knowing in advance 
which Iniemet applientions are 
going fo prove most popular. 


TV Will Not Bring the 


Internet to the 





Masses 





During 1997, Woking-nasect 
Inteco at we. inteca.com, 
conducted! over 40,000 
interviews in Europe to siudy 
the developing picture anc to 
farecast fiuure changes in 
consumer interactivity and the 
associated market opportunities 
for its clients. 

fast monrh, Inteco semoar 
consultan: Adam Daum 
presented 4a summiacy of how: 
future forme Intemet access will 


develop anct the respective parts 


the PC and the TV have to play. 
“The PC wil remain the 
pimany plaero for Interne 
access for the foreseeable 
future. but thar cloesn't mean it 
is about to become a standard 
feature ol all PCs. Even in the 
US, with all its culrural, pricing 
and infrasiructure acdventaves, 


- 
+: 
2 


less than 50% of PC-owninz 
households have access and 


: 40% af houschelds with a PC 


and amodem still aren’: 
cannected to the Internet, 


SPT PERdd eh Ebedelereda 


“Theré are severa! factors 
which will slow the spread of 
Interne. access in Eurone: 
relatively high telecummunications 
casts, includine almost universa! 


INTECO Corporation 
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local call charges; poor local 


: language content on the Web; 

: lower PC ownership and usage. 
: at home:and at work; and 

: widely available alternative 


SU SLEPERT COPD R EAA te 


sources af infornistion, for 
example Minitel, wlerext and 
old media. 

“ISPs stiil focus their 


i nuirketing on the feacures of 

i théir particular service, not on 

? the benefits of the Interne: in 
seneral This must change. 

: Assuming it does, then this and 
: other positive factors will hefp 


werall growth. For example, 
competition between 
telecommiunications operators 


: will drive time-based costs 

: down and users vill feel freer to 
: explore and discover interesiing 
~ content and services. 





‘Macromedia at 

Wey. macromedia.com has 
introduced Fireworks, the'first 
production taal to provide a 
unified environment for: 
creating, optimising and 
producing high-quality 
graphics for the Weh, 
Engineered from the-sround 
up to acddress the needs of 
professional Web clesigners, 
ihe new 1o0l incorpomtes: 
such advanced features asa 
visuitl export preview, 
complete cuntral over 
compression and colour 
palettes, automatic:generation 
of button states and JavaScript 
rollovers, as well as text and 
elects which. are editable all 
the time. Fireworks allows 
designers to Create the:most 





comypzict graphics and GIF 
animations in the fewest steps. 
= - The current workflow for 

: creating Web graphics is 
coniptex and time-consuming. 
To create a sunple animated 
GIF banner, a designer uses 
several tools, [laying out text-in 
a vector illustration iol, 
compositing the text with 
Images in a-bitmap application, 
and then optimising the.size 
of the graphic in yeta third 
program, Adding image maps- 
and animation requires 
additional utilities. Finally. the 
designer previews the Image 
in a Web browser. Developers’ 
often underiake multiple 


eel ibe= 


PeehESeheratt erties 


: itétations of this process, 


attempting ro balance Image . 


2 size.and quality. 


AOL's 10 Most Wanted Spammer List 






AOL at Wed. aol.com hits 
announced a new: more 
aggressive campaign against 
unsolicited e-mail, or ‘span’. 


Continuing its bate on-bchalf 


of its members, the company 
asa warned that it might seck 
iederal legiskation to put 


spammers our of the business. 


In 4 speech at the Juniter 
Consumer Oniine Confétence 


in March, AOL CEO Steve Case. 


i; took spammers to task and 
announced AOL's 10 Most 
Winred Spammer List’; which. 
included Loverovs Online; ihe 
Notoriously Nasty" 5 pammer,, 
PianctLovejoy and 
loseweight.org. He:said the 
company would build’s case 
against ach one and pursue 
them in court where possible: 


>: 0 “Like the online consumer, 
we're fed up with spam. We are 
adopiing a block and rackle 
straicsy against SPAarAMcrs. 


#bidd@racs 


: many oF their e-mails atthe 

Saleway as We can, and we're 

: going to tackle then1.in court.” 
Case warneil. “The sfanimess 
on our ‘10 Most Wanted’ list 
represent a sevére impediment 
7) the-crowth of the medium 
and are causing a significant. 

: depreciation of the-experience 

: forthe average consumer, We 
look forward to taking them on 
one ata time.” 

AOL fited a law suit against a 

conipany: it charged with using 

; the AOL and aol.com tratle 
names On a series of 


pomogniphi¢ Web sites; a5 weil - 


reeetia peed 


[baadd eben Oe EP EEEatbh ee 


PREGE A beads 


+Etedil ibe 


That is we're going to block as; : 


PRA aPEPEL SP PREPS RPETEC Shee de 


P ‘s 
edadGhidd PPeReeat ese 


“Eiadtan 


fost 3 lon prod cee 
fy 38 goifie of ows ore. 


UFIREWOR KS 


E ptocesction toot 


ia for ere FESO web grarhecs 


gatlory C) 


search oO 


ceontacius() 


Moreover, if he client 
requests 2 change, today's 
arust must start the process 
over since graphics are not 
readily editable in existing 
imaging cools..Fireworks 
solves Lioth the workflow 
issueand the problem of 
editability by allowing 


designers 9 complete the " 


entire process of creating and 
producing Web graphics in a 
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as in span) sent to AOL 
members promoting rhe:sites. 
“The Company also ' 
announced that it had obtained : 
a judgement in its anti-spam 
lawsuit against Prime Data 
Worldnet Systems. in acdcdition, 
the company said that another 
spam defencant, Squeaky 


Web Based Transactions Will Produce ‘Largest Growth ‘Area 





SOTIPEC eer eb abade 


Seeseeeeliite 


*Leat ea eed eee? Fest fee Be hott 


NE fip fe eerere ae! 


. single, unified environment-- 


keeping everything editable, 
‘allt the time. 
A pre-release beta version 
. of Fireworks is currentiy 


availahle for downl oadat no 
charge dt > 
viva. getfireworks.com. 
Fireworks for Windows 95, 
Windows NT and Macintash 
PawerPC will bé available 
Summer 1998. 








i pAMARe|ne 
Injuncdon 
which will bar 
Squeaky Clean 
Marketing 
from ever 
e-mailing. 


AOL members 





again. 

AOL has 
been fighting 
spam for many 


: months by giving its members 


: toois to beter contol the e-mail 


- 
7 


: They receive, providine an area 


‘online devored ro educating 


members about unsolicred e- 


: mail at Keyword; Junk Mail, and 


: by sending i mare thin 500 cease 
: ancl desist Fetters to spammers. 

: and following up wits Eiwsuits” 
Clear Marketing: had agreed.to :. against many of them. 





Analyst house.Ovum at 
waw.ovum.com, has released 
findings which reveat that 
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existing customers of the 
Inremer will not genenite the 
high growth mire of Internet: 
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traffic-currendy preclicted. New 
customers will lead to 
increased demand according to 
an Ovum report, Internet: 
Corporate aml Consumer 
Views, which investigates the 


: €merging issues and trends 
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PRateds 


surrounding Intermet usase. 
According to Inin Stevenson, 


eeppeacaur 


TET TTI Tt 


new media group manager and : 


co-author of the repon, “Lisers 
are ootimistic about the | 
Intermmet. However, che overall 
trend is geared towards 


2 extending the existing Internet 


applications to more users. 


? Web iransactions is the aniy 


new unplicridn thar is 


currendy well established and 
will prow strongly. 
Videocanferencing and 
Inteme telephony will achieve 
strong growth but from a very 
low user hase today.” 








Don't miss another great assortment of: ‘entertaining 
‘and easy-to-make projects and essential electronics 
information aimed at the novice constructor. 


Issue 127 on sale Friday 5th June 
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Just take out or rénew a Ua 
subscription for 12 issues of A . ~~ 











and your name will 
be entered 
into the draw. 
but hurry the 
final date for names 
to go into the hat is 
41st July 1998. 
“Two winners will receive 
a prize each month. 





01702 534159 
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pply only for Subscribers and new Subscribers‘of Electronics and ‘Beyond 


the: special ‘order code number.-All items ‘are subject to avatiablility.:Prices include VAT.‘ Catalogue prices refer to‘the 


, 1998 Maplin Electronics Catalngue. Overseas subscribers telephone +44 1702 554000 ‘Ext. 326 for carriage charges _ 
A'£3.95 Carnage Charge will apply to all UK orders under ‘£30.00 (Maplin Electronics Account Holding ‘Customers exempt). 





the new Maplin catalogue... 





¢ Includes over 400 Data Sheets 
« Prepare your order ‘online 
*‘Order code CQOk 


VIGRE PRODUCTS! MORE FUN! 







There's over 22:000 products from mGdiles «= ** TRE Kariomvone a oe 1000 NEM PRODUCTS 
and kits to-electronic parts and components. By isi oo site He 

You'can order:by teléphorne 24 hours a day or 

visit one of Gur’4S Storés nationWide. At Maplin 
we Offer same day despatch and free delivery 
‘on ordefs.over £30 (including VAT). 
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Order your Catalogue ‘now on 
The catalogue ‘costs just plus :p+p* andthe ‘CDiRom is 
available ‘at just plus p#p*. You can also. purchase your 


copy from your toca! Maplin store WH ‘Smith’and John 'Menzies. 
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